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(57) Abstract 



A brushless dc motor assembly including a brushless dc motor, and a control board having at least one output connected to a stalor 
winding of said brushless dc motor for providing cuneni flow to said stator winding. Control electronics on the control board control 
current flow to said stator winding using a microprocessor and based on desired motor operating characteristics. The control electronics 
include a housekeeping power supply for providing a stable 5v DC signal from a rectified AC line voltage. The control electronics also 
include a MOSFET output amplifier having a power zener diode connected to the drain thereof, said power zener dissipating temporary 
back emf resulting from switching of said MOSFET from an on to an off state. A hall device mounted to a stator of said brushless dc 
motor is also provided. The hall device provides a signal representative of the rotational speed of a rotor of said motor to the control board. 
The control electronics on said control board control said current flow to said stator winding responsive to said signal from the hall device. 
The control board is preferably attached to a heatsink whereby the heatstnk is attached to MOSFETS on said control board for dissipating 
heat generated by said MOSFETS. 
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^ A BRUSHLESS DC MOTOR ASSEMBLY 

2 

3 Field of the Invention: 

4 The present invention relates to a brushless dc motor 

5 assembly, and more particularly, to a brushless dc motor which is 

6 capable of receiving AC input from a wall outlet or other source. 
7 

8 Backgroxind of the Invention; 

Brushless DC motors are widely used in due to their simplicity 
of design, and high efficiency. Difficulty has been encountered, 
however, in adapting brushless dc motors for receiving an AC input. 
To do this, the common approach has been to provide the motor with 
an externally mounted rectifier circuitry, typically including a 
14 step-down transformer. This construction, however, causes a 
significant increase in the overall size of the device which, of 
course, is undesirable in many applications. In addition, wide 
variations in AC input voltage to rectifier circuitry results in 
wide variations in the DC input to the motor, thus affecting motor 
performance and controllability. Finally, existing brushless dc 
motors are only capable of operating under relatively low power. 
21 e.g. 5 watts. 

In view of these and other disadvantages of the prior art, 
there is a need in the art for a brushless dc motor which is 
capable of being powered by an AC source (e.g. a common wall 
outlet) and is efficient, compact, and cost effective. 
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1 Objects of the Invention 

2 Accordingly, it is an object of the present invention to 
provide a brushless dc motor which is capable of operating from an 

4 AC input source. 



3 



5 
6 
7 
8 
9 
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13 
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16 



Another object of other present invention is to provide a 
brushless dc motor which operates at high power levels. 

Yet another object of the present invention is to provide a 
brushless dc motor which includes a control board for allowing 
customized control of motor parameters. 

Still another object of the present invention is to provide a 
brushless dc motor having an internal house keeping power supply 
which is capable of providing a stable DC voltage to control 
electronics over a wide range of AC input voltages. 

Still another object of the present invention is to provide a 
brushless dc motor having internal motor drive electronics 
including a power zenor diode for eliminating the detrimental 

17 effects of back EMF from the motor. 

18 still another object of the present invention is to provide a 
brushless dc motor having control and drive electronics including 
MOSFETS for increasing efficiency and a heat sink for dissipating 

21 heat generated by the MOSFETS. 

22 still another object of the present invention is to provide a 

23 brushless dc motor having a rotor shaft with a plastic or ceramic 

24 magnet and a bifiler wound stator. 



19 
20 



2 
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' ^ Still another object of the present invention is to provide a 

2 brushless dc motor having a conduit box housing for the control 

3 electronics mounted on a heat sink. 

4 These and other objects of the present invention will become 

5 apparent from a review of the description provided below. 
6 

7 Siunmary of the Invention: 

8 The present invention relates to a brushless dc motor 

9 assembly including a brushless dc motor, and a control board having 

10 at least one output connected to a stator winding of said brushless 

11 dc motor for providing current flow to said stator winding. 

The control electronics on the control board control current 

13 flow to said stator winding based on desired motor operating 

14 characteristics. The control electronics include a housekeeping 

15 power supply for providing a stable 5v DC signal from a rectified 

16 AC line voltage, and a microprocessor for controlling output to the 

17 stator windings according to desired operating characteristics. 

18 The control electronics also include a MOSFET output amplifier 

19 having a power zener diode connected to the drain thereof, said 

20 power zenor dissipating temporary back emf resulting from switching 

21 of said MOSFET from an on to an off state. 

A hall device mounted to a stator of said brushless dc motor 

23 is also provided. The hall device provides a signal representative 

24 of the rotational speed of a rotor of said motor to the control 

25 board. The control electronics on said control board control said 

26 current flow to said stator winding responsive to said signal from 

3 
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21 
22 
23 



the hall device. The control board is preferably attached to a 
heatsink whereby the heatsink is attached to MOSFETS on said 
control board for dissipating heat generated by said MOSFETS. 



1 
2 
3 
4 

5 Brief Description of the Drawing: 

6 A preferred embodiment of the invention is described below 
with reference to the following figures wherein like numerals 

8 represent like parts: 



9 

10 FIG. 1: is a front view of a motor assembly according to the 
present invention. 

12 

13 FIG . 2: is a side view of a preferred rotor assembly according to 
the invention. 



15 
16 
17 

18 FIG . 3: is a side 



FIG . 2a is an end view of the rotor assembly of FIG. 2. 



view of a second preferred rotor assembly 
according to the invention. 

20 



FIG . 3a is an end view of the 



rotor assembly of FIG. 3 



FIG, 4: is a plan view of a salient- type stator winding useful in 
accordance with the invention. 



25 
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• 1 FIG. 5: is a plan view of a bifiler-type stator winding useful in 

2 accordance with the invention. 
3 

4 FIG. 6: is a top view of a stator with a stator mounted hall 

5 device according to the invention, 
6 

7 FIG. 7: is a side view of the stator with a stator mounted hall 

8 device shown in FIG. 6 
9 

10 FIGS. 8a- 8d: are successive views of a preferred hall effect 

H device assembly according to the invention. 

12 

13 FIGS. 9: is a block diagram of the control board electronics 

14 according to the invention. 
15 

16 FIG. 10: is a detailed schematic of a preferred control board 

17 according to the invention. 
18 

19 FIG 11: is a schematic of a preferred house keeping power supply 

20 according to the invention. 
21 

22 FIG 12: is a schematic of a preferred low side drive circuit 

23 including power zener according to the invention. 
24 

25 FIG: 13: shows an end view of a preferred heat sink assembly 

26 according to the present invention. 



5 
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1 

2 FIG: 14: shows an side view of the preferred heat sink assetnbly 

3 shown in FIG. 13. 
4 

5 FIG: 15: shows a top view of a preferred MOSFET retainer bar 

6 according to the present invention. 
7 

8 FIG: 16: shows an side view of the preferred MOSFET retainer bar 

9 shoim in FIG . 15 . 
10 

11 FIG: 17: Is an upper level flow chart showing the preferred logic 

12 flow of microprocessor software according to the 

13 invention. 
14 

15 FIGS 18-36: Are flow charts showing the preferred logic flow of 

16 the routines and subroutines of the microprocessor 

17 software according to the invention. 
18 

19 Detailed Description of the Invention: 

20 With reference to FIG 1, a preferred embodiment of a motor 

21 assembly l according to the present invention will be described 

22 in general terms with a more detailed description to follow. 

23 As can be seen, a brushless dc motor 2 is provided having a 

24 conduit box 3, and a heat sink 4 attached thereto. The heat sink 

25 4 is attached to a control board 5 which is fastened inside the 

26 conduit box. The control board includes electronic circuitry for 



6 
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- 1 providing rectification of an AC input (not shown) provided through 

2 a cut-away lead exit 6, and for controlling excitation of the 

3 stator field windings. Based on feed back control signals and 

4 user-defined parameters, control electronics on the control board 

5 create and maintain specific motor operating characteristics, e.g 

6 speed, torque, or current, according to desired specifications. To 

7 allow for dissipation of heat from power elements on the control 

8 board 5, i.e. MOSFETS, a space 7 is provided between the heat sink 

9 4 and the control board 5. 

10 Turning to FIGS. 2-2a, the rotor assembly 8 of the motor 2 

11 includes a shaft 9 and a known permanent magnet 10 fixed about a 

12 rotor core 11. Known drive bearings 12, 13, e.g. ball or sleeve 

13 bearings, are provided on either end of the rotor shaft to provide 

14 bearing surfaces. As is know to those skilled in the art, the 

15 permanent magnet 10 may be of either the plastic or ceramic type 

16 depending on desired motor characteristics. Generally, however, 

17 plastic magnets display lower field strength than ceramic magnets. 

18 In the case of a plastic permanent magnet, as shown in FIGS. 2-2a, 

19 the magnet is arranged such that the rotor core 9 outer diameter 

20 matches the magnet 10 inner diameter, and the rotor core and magnet 

21 are flush on both ends 14, 15 of the rotor core 10. 

22 Where a ceramic permanent magnet is used, as shown in FIGS. 3- 

23 3a, four sections 16-18 of ceramic magnet are fixed 
.24 circumf erentially about the rotor core 11 to be 90 degrees offset 
25 from each other. In the preferred embodiment of a 3.3" motor 



7 
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1 design, a space 20 of about .1" is allowed between each of the 

2 ceramic magnets. 

As shown in FIGS. 4-6, the stator lamination is preferably a 
3.3" shaded-pole configuration 23 produced by FASCO Industries of 
Ozark. Missouri. The number of stacks and phase windings can be 
varied for individual user application, in the preferred 2 -phase 
motor design, the phase A 21 and phase B 22 coils may be wound in 
a salient-type phase set up, as shown in FIG. 4. or in a bifiler 
arrangement whereby the phase A 21 and phase B 22 coils are wound 
on each pole, as shown in FIG. 5 (shading bands not shown). The 
introduction of bifiler windings on the preferred stator 
lamination, as shown, results in a more efficient motor which 
converts current to force every 1/4 turn (90 degrees) of the motor. 

In order to provide reliable control of the operating 
characteristics of an electric motor, e.g. speed and torque, 
various hall effect devices have been widely used in the art. 
Hall effect devices are commonly mounted to an electric motor to 
sense the rotational speed of the rotor shaft, and to provide a 
control signal representative of the rotational speed for 
controlling the operating characteristics of the motor. in the 
present invention, the output of a hall device, which is 
representative of rotational speed, is supplied to the control 
board as a feedback control signal. 

A crucial factor for efficient motor control, however, is 
stable orientation of a hall effect device to the stator windings 
of the motor. With the stability being a major concern, keeping in 
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10 



1 mind production and efficiency, a stator moxinted hall assembly 24, 

2 as shown in FIGS 6 and 7 is preferred. Correct hall device 25 

3 orientation requires proper positioning of the device within the 

4 assembly housing 24, as well as stable placement of the assembly 24 

5 on the stator 23. 

6 As shown in Fig 6, it has been determined that a fifteen 

7 degree hall device lead angle A relative to the stator windings 

8 (not shown) produces the most efficient motor operation. The 

9 assembly 24 provides for this lead angle with the hall device 25 
placed off-center with respect to successive stator poles 26-29. 

11 This arrangement combined with direct stator-mounting of the 

12 assembly 24, virtually guarantees stable orientation of the hall 

13 device to the windings. Advantageously, the assembly is unaffected 

14 by alignment of sleeve, endplate or other peripheral motor 

15 components. 

Referring also to FIG 6, the assembly includes male-end 

17 connector legs 30,31 with respect to the stator, conveniently 

18 taking advantage of existing female-end conversions, specifically 

19 a stator ground hole 32 and the space 33 between stator lamination. 

20 A preferred hall device assembly is shown in FIGS. 8A-8D. As can 

21 be seen in FIG. 8A, the assembly includes a first leg 3 0 which is 

22 adapted to securely fit into the stator ground hole 32 (FIG. 6), 

23 and a second T-shaped leg 31 adapted to fit in the space 33 (FIG. 
-24 6) between the stator lamination. The vertical portion 34 of the 
25 T-shaped leg 31 fits in the space 33 between the lamination, while 



9 
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7 
8 



10 



1 the horizontal 35 portion rests against the inner surfaces 37 and 

2 38 of the stator lamination. 

3 The male- female attachment of the hall device assembly 24 to 

4 the stator 23 eliminates the need to affix the assembly with 

5 rivets, screws, or other secondary devices. Attachment and removal 

6 of the hall assembly are swift and convenient. In fact, the 
assembly can be mounted using either ground hole 32 or 39 (FIG. 6) 
or placed on the opposite side of the stator 40 for reversible 

9 motor application. Finally, the hall device 25 is contained within 
the confines of the plastic assembly itself eliminating the 

11 possibility of direct damage to the plicible leads 41. 

12 Turning again to FIG. 1, the conduit box 3 may be formed in 

13 two embodiments depending on the space requirements of the 

14 application. The first embodiment is a metal or plastic conduit 

15 box 3 fastened to the motor sleeve, as shown in FIG. 1. The 

16 arcuate bottom 42 of the conduit box rests against the motor sleeve 

17 43 and is fastened thereto. A cut-away lead exit 6 is also 

18 provided for connecting AC input leads to the control board 5 

19 through an appropriate connector. In the case of a metal conduit 
box, the box is spot welded to the sleeve 2, and the heat sink 4 is 
attached to the box with screws through screw holes 44 on either 

22 side 45, 46 of the box. An ABS plastic conduit box may be attached 

23 to the motor sleeve via two weld bolts with the heat sink snapped 

24 in place in the top of the box. The second conduit box embodiment 

25 is a stand-alone conduit box (not shown) , and is used when remote 

26 electronics are necessary. The stand-alone conduit box is 

10 
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4 

5 
6 
7 



1 connected to the motor by 18-24'' leads, and can be made from eithei: 

2 plastic or metal. 

3 In either embodiment of the conduit box. the control board 5 
is contained within the conduit box 3, and is attached to the heat 
sink 4. A block diagram of the preferred control board design is 
provided in FIG. 9. The operation of the control board electronics 
will be described, first in general terms, with a more detailed 

8 description to follow. 

9 As shown in FIG. 9, the AC input 47 passes to the AC-DC 
converter 48 which is preferably a known bridge rectifier. Ripple 
in the DC output 49 of the AC-DC converter is filtered by a 
filtering network 50 comprising a simple parallel connected 
capacitor. The filtered DC signal 51 is provided to the motor as 
a common connection, and. as an input to the housekeeping power 
supply 52. The housekeeping power supply, as will be described in 
detail below, creates and maintains a steady +SV DC signal 53 for 

17 operation of the controller electronics 54. 

^® controller electronics 54 include a microprocessor which 

19 is programmed to create and maintain desired operating 
characteristics and motor control from user defined input 65. The 
controller electronics 54 provide input 62. 63 to the low side 
drive electronics 55 to control the phase A and phase B winding 
currents 56. 57 provided by the lowside drive electronics to the 
respective stator windings 58, 59. The rotational speed of the 
rotor shaft is monitored via a hall device 60 which provides the 
controller electronics 54 with a feedback signal 61 representative 
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1 the rotational speed. Also, a feedback signal 64 is taken from the 

2 lowside drive electronics 55 which is representative of the current 

3 output to the motor. A microprocessor in the controller 

4 electronics controls the phase A and phase B winding currents using 

5 the combination of these two feedback signals 61, 64 and pre- 

6 programmed, user- identified operating characteristics. 

7 Turning now to FIG. 10, there is shown a detailed schematic of 

8 a preffered embodiment of a control board according to the 

9 invention. As shown, the AC input 47 is received into the control 

10 board and rectified by a known AC-DC converter 48, preferably a 

11 bridge rectifier. Ripple in the rectified AC is filtered by a 

12 known filter network, e.g. by means of capacitor. The DC output of 

13 the rectifier at 51 is provided as a common connection 66 to the 

14 motor, and as the input to a house-keeping power supply (HKPS) 

15 circuit 52. 

16 Including the HKPS 52 in the design of the control board 
eliminates the need for a step-down transformer as required in 
prior art designs. As a result, the motor can be directly 
connected to a wall outlet without the use of a costly, space- 
consuming AC power supply. in addition, the HKPS can handle a 
large variation in line (input) voltage without degrading the logic 
(output) voltage. This feat can be done without the addition of a 

23 secondary regulator. 

Referring particularly to FIG. 11, the input voltage at 51 to 
25 the HKPS 52 is considered 200 VDC maximum (160VDC with load) . The 
resistor R2, preferably a 150k ohm/.25W device, limits the current 

12 
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1 through the zenor diode VRl which is a rated 500 mW element. The 

2 zenor diode VRl must conduct at a voltage high enough to overcome 

3 the threshold voltage of the gate 67 of the MOSFET Ql, which for 

4 the preferred IRF630 MOSFET is 2-4 VDC. The zenor diode is 

5 reverse-biased at 9.1VDC. With the zenor diode in conduction, the 

6 MOSFET Ql is on, and the drain 68 current flows allowing the 

7 capacitor C2 to charge. 
The capacitor C2 will charge until the MOSFET source 69 

voltage is greater than the gate voltage (non- conduct ion MOSFET 
mode) . This occurs when the combination of the gate threshold 
voltage of the MOSFET and the potential voltage of the capacitor C2 
is greater than the zenor diode VRl voltage. With the MOSFET off, 
the capacitor will discharge a discrete amount, until the MOSFET 
source voltage is less than the gate voltage. At this point, the 
MOSFET is on, and the process repeats itself. The diode CR2 at the 
drain 68 prevents back current from discharging the capacitor C2 in 
the event that the input voltage is lost. The end result is a 
MOSFET Ql that continually switches on and off maintaining a 
19 relatively stable 5 VDC output 70 for the controller electronics. 

The 5 VDC output is achieved as long at the input signal falls 

21 within an acceptable range determined by the performance parameters 

22 of the circuit elements, specifically the MOSFET. in this 

23 configuration, for an IRF630 MOSFET the input voltage can vary from 

24 17-200VDC. As a result, the HKPS can handle a large variation in 

25 line voltage without effecting logic voltage. Another advantage of 
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1 this HKPS is its ability to "step-down" such a wide range of 

2 voltage (i.e. 200VDC to 5VDC) . 

3 Referring again to FIG. 10, several microprocessors can be 

4 used according to the invention. Preferably, however a PIC16C71 

5 microprocessor 12 available from Microchip Corporation of Chandler, 

6 Arizona, USA is used based on cost, efficiency, and performance 

7 characteristics. The microprocessor input 65 is user defined 

8 depending on the application. The user i/o interface 52. is active 

9 low with select bits provided to the user for control of motor 

10 characteristics, e.g. speed and torque. Based on the user i/o, the 

11 microprocessor 12 controls the phase A 71 and phase B 72 outputs to 

12 achieve the desired operating characteristics. The software for 

13 the microprocessor logic used to control the phase A and phase B 

14 outputs will be discussed in detail below. 

15 Referring particularly to FIG. 12, the phase A 70 and phase B 

16 71 outputs of the microprocessor 12 are provided as inputs to the 

17 gates 73, 74 of driving MOSFETS Q4, Q3 in the low side drive 

18 electronics 55. Since there are two phases to the motor, two 

19 driving MOSFETs Q4, Q3 are used, one for each phase. Two diodes 

20 CR3, CR4 are placed in series with each driving MOSFET to prevent 

21 back current from one driving MOSFET to the other. 

22 A power zenor diode 75 is incorporated into the low side drive 

23 electronics 55 to account for a momentary increase of voltage (1200 

24 VDC) at the drains 76, 77 of the driving MOSFETS due to back EMF 

25 caused by the switching action of the driving MOSFETS. This effect 

26 is inherent in a bifiler wound motor (phase-shared magnetic fields 

14 
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1 due to opposed windings on each pole) unlike a motor with salient 

2 poles. In order for the driving MOSFETS to control drain current, 

3 the back EMF must be managed. This management concept is 

4 accomplished with the application of a zenor diode configuration 

5 75 capable of high-power dissipation (hence the name "power 

6 zenor" ) . 

7 The voltage at the source of the MOSFETS is 200VDC maximum 

8 (160VDC nominal) ; approximately 400VDC is the maximum desired 

9 output voltage at the drain. To accomplish this, the zenor diode 

10 VR2 is rated at 180V. While the driving MOSFETs Q3, Q4 are 

11 operating (one is off and the other is on) there is no current 

12 through the power zenor 75 (i.e. voltage at power zenor MOSFET Q2 

13 drain 78 is less than 400VDC) . 

14 At the point when the driving MOSFETs switch from on to off, 

15 the voltage at the drain 78 of the power zenor MOSFET Q2 rapidly 

16 increases resulting in a reverse-biased zenor diode VR2 . Since the 

17 zenor diode voltage VR2 is constant at this time, any excessive 

18 voltage applied to the MOSFET drain is dissipated through the 

19 MOSFET rather than the zenor diode VR2 . The zenor diode VR2 clamps 

20 the voltage at the drain 78 equal to the zenor diode voltage plus 

21 the 200VDC at the source (gate threshold voltage must be considered 

22 but at 2-4VDC is negligible) . The power zenor 75 conducts until 

23 the switching action of the driving MOSFET is accomplished and the 

24 resulting increased voltage resonates back to an acceptable level. 

25 Where a 115 VAC input (i.e. from a wall outlet) is not 

26 desired, a power zenor configuration 75 may not be needed. For 
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1 input voltages up to lOOVDC or 70VAC a different configuration cin 

2 be utilized. Because the zenor diode VR2 can handle power 

3 dissipation at this level, the extra MOSFET Q2 in the power zenor 

4 configuration is no longer needed. Instead, a zenor diode VR2 

5 (with accompanying protection diode) is placed between the drain 

6 and gate of each driving MOSFET Q3,Q4. 

^ preferred embodiment of the invention, the aluminum 

8 heat sink 4 is provided for dissipating heat produced by the power 

9 devices (i.e. four MOSFETs Q1-Q4) contained on the motor control 

10 board 5. Referring to FIGS 13-14, it has been found that 

11 production efficiency and overall cost is improved by aligning all 

12 four MOSFETS Q1-Q4 above and to one side of the control board 5. 

13 The heat sink 4 dissipates most of the heat through the fins 79 

14 below the board 5 which is positioned within a slots 80, 81 on 

15 either side of the heat sink. One side 82 of the heat sink extends 

16 above one side of the control board 5 for MOSFET attachment. 

■"•^ With this configuration, several desirable results are 

18 accomplished. First, with the MOSFETs above the control board, the 

19 board itself can be wave-soldered with the MOSFETs in place. This 

20 eliminates the additional step of hand- soldering the MOSFETs to the 

21 board (as is necessary when these devices are attached to the heat 

22 sink below the board) . Second, the MOSFETs Q1-Q4 are connected to 

23 the heat sink via a Teflon plastic or aluminum retainer bar 83, 

24 shown particularly in FIGS. 15 and 16. The MOSFETs are secured to 

25 the heat sink underneath extension 84 of the bar 83 . The bar, in 

26 turn, is held in place against the heat sink 4 with only two screws 

16 
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1 through holes 85 , 86 in the bar and holes 87,88 in the heat sink 

2 4, instead of an individual screw for each MOSFET. Finally, by 

3 placing the MOSFETs in this above-board configuration additional 

4 space is afforded to the control board for circuit design, 

5 Turning again to FIG. 10, to control the phase A and phase B 

6 winding currents, the microprocessor 12 receives feedback from the 

7 hall device 60, and from a lowpass filter/op amp circuit 89. The 

8 hall device 60 provides a signal which is representative of the 

9 rotational speed of the rotor shaft 9. The low pass filter is 

10 connected to the sources 90, 91 of the driving MOSFETS Q4, Q3 to 

11 obtain a current signal at 92 representative of the driving 

12 current. The difference between this signal, and a signal at 95 

13 representative of the operational amplifier output at 93, is 

14 amplified by the op amp 94 and provided as a feedback input to the 

15 microprocessor 12. The output of the op amp at 93 increases, 

16 therefore, with increasing drive current. The microprocessor 12 

17 uses the hall device signal 61 and the op amp feed back signal at 

18 93 to control the torque (rotational speed x current), rotational 

19 speed, and/or current of the motor by adjusting the phase A and 

20 phase A outputs in response to sensed changes. 

FIGS. 17 is a basic flow chart for the software which is 

22 preferably used in the microprocessor 12 to control motor 

23 parameters. The software may be customized to control several 

24 motor parameters according to user desired performance. 

With reference to FIG. 17, upon power up 90 the microprocessor 

26 self test 91 is initiated by the software to verify the integrity 

17 
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Of the microprocessor. The software then performs an 
initialization routine 92, a three pole switch routine 93 to 
determine the status of a user defined/controlled switch inputs 
223, and a soft start routine 94 to slowly rair^j up the speed of the 
rotor. A Main Setup routine 95 is then initiated to set flags and 
registers used in the main routine 96. The main routine 96 
executes various user specific applications 97 in combination with 
standard subroutines 98 to control speed, torque, current, and/or 
volume flow output 225 based on user input and feedback signals 
224. 

The timer interrupt routine 99 is used in connection with the 
main routine and the soft start routine to provide a timed 
interrupt for incrementing counters, saving data, setting flags, 
etc. The timer interrupt routine includes a timer subroutine 100 
for determining necessary speed adjustments and performing 
necessary speed changes. A Pulse width Modulation (PWM) Interrupt 
101 operates in connection with the Main Routine for counting hall 
edges and controlling the pulsing of the phases for speed control. 
Finally, motor shut down is performed by either a hard brake 102 
routine or an instant shut down routine 103. The Hard Brake 102 
routine responds to the hard brake flag to shut down the motor with 
very little coasting. The instant shutdown 103 routine allows the 
motor to coast to a stop. 

Two assembly language code program listings specific to the 
preferred Microchip PICieC7l are attached hereto. These programs 
listings contain preferred versions of the routines and 

18 
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1 applications described below. One program is designed to irnplement 

2 a constant CFM in a particular application, and the other is 

3 designed to create a constant RPM. Changes in these specific 

4 applications are required based on required operating 

5 characteristics, as will be apparent to those skilled in the art. 

6 Nonetheless, the standard routines set forth in the listings remain 

7 relatively unchanged from application to application. 

8 Turning now to FIGS. 18-36, a detailed explanation of each 

9 routine will follow. With reference now to FIG. 18, the Initialize 

10 Routine 92 defines constants 104, defines register addresses 105, 

11 defines interrupts and code origins 106, defines I/O ports 107, 

12 defines interrupts and the pre-scaler 108, initializes the timer 

13 109, and clears all remaining registers 110. 

14 The switch routine 93, as shown in FIG. 19, is initiated to 

15 determine the status of the user input for controlling motor start 

16 up. The SELECT, SELECT INPUT 0, and SELECT INPUT 1 inputs to the 

17 Switch Routine are user defined based on the application. 

18 Alternatively, an external three-position switch may be provided to 

19 allow external control of these processor inputs for user control 

20 of motor operation. 

21 The switch routine first determines if the select input 115 

22 has been set low. If not, then soft start routine 94 is initiated. 
'23 If so, then if speed input 0 is low and speed input 1 is high 116, 

24 then the soft start routine 94 is initiated. Otherwise, the 

25 routine ends 114 and the motor will not start. For virtually all 

26 applications, the motor/controller will not operate when the user 

19 
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controlled three-position switch is in the middle position, and 
will operate in the low or high positions. 

The soft start routine 94 follows the switch routine 94 and 
slowly ramps up the motor from a stopped rotor position by pulsing 
the phases on and off (PWM) . resulting in a softer start up and 
less noise. An added feature is an increasing variable torque 
factor which allows the motor to start up under heavier loads and 
colder temperatures. Speed is increased in this routine by 
changing the duty cycle of the PWM, thus creating more torque as 
the speed of the motor increases. 

Referring to FIGS. 20 and 21, the soft start routine begins by 
initializing the PWM counter 117. The hall signal 119 is then 
checked 118 for a high or low condition. If the hall signal is 
low, phase A processor output is selected for pulse width 
modulation (PWM) 120. phase B output 121 is set low, and rising 
hall edge detection is set 123. if the hall signal is high, 
phase B is selected for PWM 124. phase A is set low 125, and 
falling hall edge detection is set 126. 

One PWM is then performed 127. The bus voltage input 129 is 
then checked. if the bus voltage is below minimum 128, then a 
timeout flag is set 130. If it is not below minimum, then the 
current sense input 131 is checked 132 to determine if it is above 
maximum, if the maximum current sense is exceeded a timeout flag 
is set 133. 

Next, the hall signal 134 is checked 135 to determine if the 
next hall edge has been received, if so, the routine loops back to 
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1 the beginning. If not, the PWM counter is checked 136 to see if it 

2 is ec[ual to zero. If PWM counter does not equal zero, the routine 

3 loops back to perform one PWM. If the PWM counter equals zero, the 

4 soft start timer is checked 137 to determine if it has expired. If 

5 the timer has expired, the routine proceeds to the main setup 95. 

6 If not, the routine loops back to the beginning. 

7 A Timer Interrupt routine 99 is used in connection with the 

8 main routine and the soft start routine 94 . The Interrupt is 

9 activated based on the 1:256 prescaler, which means it occurs every 

10 65,536 microseconds. Every fifteenth time through this interrupt, 

11 approximately one second has elapsed, thus triggering the tasks of 

12 incrementing the seconds counter, saving the hall edges per second, 

13 and setting a calculation flag (if necessary), and calling a timer 

14 subroutine (if necessary) . The timer subroutine performs a 

15 comparison of registers to determine rotor speed adjustment. This 

16 routine is called from the timer interrupt and performs the 

17 necessary speed changes. 

Referring to FIG. 22, the Timer Interrupt routine flow depends 

19 on the status 138 of the soft start routine 94. While the soft 

20 start is proceeding, the timer interrupt routine checks to 

21 determine whether the motor is in the desired operational window 

22 139 . If not, the routine increments or decrements the PWM counter 

23 appropriately 140 and sets the timeout flag 141. If the 

24 operational window has been, then the timeout routine determines if 

25 one second has expired 144. If not, the routine ends 146. If one 
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second has not expired, the speed and set up variables are saved, 
and the timer is reset before the routine ends 145. 

If the soft start routine is finished, then the Timer 
Interrupt routine checks the PWM counter to determine if it is less 
than or equal to the destination PWM value 142. if it is not, then 
the PWM counter is decremented 143. if it is. then the Timeout 
Routine determines if one second has expired 144. if not. the 
routine ends 146. if one second has not expired, the speed and set 
up variables are saved, and the timer is reset 145 before the 
routine ends 146. A timer subroutine is called from the timer 
interrupt in most applications to perform the necessary speed 
changes. Referring to FIG. 23, the timer subroutine compares a 
predefined theoretical value of the current, bus voltage, torque, 
speed, or any calculated value, to the actual value calculated 
value to determine the speed change 147. If the values are equal 

148, then the routine returns to the Timer Interrupt routine 99. 
If the theoretical and actual values are different, then the Timer 
Subroutine determines the increment or decrement to speed via PWM 

149. The necessary changes to the PWM are performed 150, and the 
flow returns to the Timer Interrupt routine 99. 

Referring to FIG. 24. a Main Setup routine 95 follows he soft 
start 94 to prepare for the main processing depending on user 
defined operating characteristics. In this routine, user defined 
variables are initialized 151 the flow proceeds to the main 
processing routine 96. Also, flags are set, and the global 
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1 interrupt enable is set. Flags may be set here for OWC output 

2 on/off and for a hard brake or natural coast stop. 

3 Referring again to FIG. 17, the Main Routine contains 9S 

4 several routines 98 and calls various applications 97 according to 

5 desired user specifications. Depending on user requirements, 

6 within the main routine may be applications for creating variable 
speed 152, selectable speeds 161, variable current 153, variable 
torque 154, constant speed 160, constant current 156 , constant 
torque 155, constant volume flow 158, selectable speeds 161, and/or 
for following a curve or table may be accessed 159 . Routines used 
within the main routine in connection with these applications 
include, a Pulse Width Modulation (PWM) Interrupt Routine 101, a 

13 Maximum/Minimum Routine 162, Transition Routine 163, A/D Routine 
164, Calculation Routine 165, and a Table Lookup Routine 166. 

The PWM interirupt routine 101 activates a motor controlling 
Interrupt on a hall edge. The first task is to determine the 
correct phase to fire. The selected phase is then pulsed on and 
off eight times, with forty-microsecond pulses, to soften current 
change. For speed control, the phase is off for A varying amount 
of time, and then turned on off the remaining time until another 

21 hall edge is received. A count of hall edges per second is also 

22 done here. 

23 Referring to FIGS. 25 and 26, the PWM interrupt 101 begins 

24 with initialization of the PWM counter 167. The hall signal 169 is 
then checked for a high or low condition 168. If the hall signal 
is low, phase A processor output is selected for pulse width 

23 
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modulation (PWM) 173, phase B output is set low 174. and rising 
hall edge detection is set 174 . If the hall signal is high, phase 
B is selected for PWM 170, phase A is set low 171, and falling hall 
edge detection is set 172. In some applications where full power 
is not desired, an additional step 178 is performed to determine if 
the user has required a skip of phase PWM for a preset number of 
hall edges. if so, the flow proceeds to the end of the routine 

8 190. 

9 One PWM is then performed 180. The bus voltage input is then 
10 checked 182. If the bus voltage 181 is below minimum, then a 

timeout flag is set 183. If it is not below minimum, then the 
current sense input 184 is checked 185 to determine if it is above 
maximum. If the maximum current sense is exceeded a timeout flag 
14 is set 186. 

■'•^ Next, the hall signal 188 is checked 187 to determine if the 

next hall edge has been received. If so, the routine loops back to 
the beginning 101. If not, the PWM counter is checked to see if it 
is equal to zero 189. If PWM counter does not equal zero, the 
routine loops back to perform one PWM 180. If the PWM counter 
equals zero, the PWM Interrupt Routine ends 190. 

The Minimum/Maximum routine 162 is performed to checked to see 
that the bus voltage, current sense, and rotor speed are within a 
particular range, otherwise an instant shutdown is performed. 
These checkpoints are determined by the user. Referring to FIG. 
27, the Minimum/Maximum routine 162 checks the minimum and maximum 
limits on bus voltage, speed and current 191. If a limit has been 

24 
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1 exceeded 192 then the Instant Shutdown routine is performed 103.= 

2 If the limit has not been exceeded, then flow returns to the Main 

3 Routine 96. 

4 The instant shutdown routine 103 turns the phase outputs off 

5 and waits for the switch to be cycled off then back on, which 

6 restarts the microprocessor. The motor will coast to a stop unless 

7 the switch is cycled. Referring to FIG. 28, the instant shutdown 

8 routine 103 disables all interrupts 193, turns both phases 196 off 

9 194, and sets OWC 197 low 195. Instant Shutdown then determines 

10 198 if Speed Input 0 is low and Speed Input 1 199 is low. If so, 

11 then the flow returns to beginning 90 to restart the microprocesor . 

12 If not, then flow loops back to the beginning of the Instant 

13 Shutdown routine 103. 

A Hard Brake Routine may also be called by the main routine in 

15 some application to turn off both phases if a hard brake flag is 

16 set. Opposite phases are selected and pulsed on and off every 

17 three microseconds to slow the rotor down dramatically. The phases 

18 are alternated between hall edges until the time elapsed between 

19 two hall edges is large enough to represent a stopped rotor. Very 

20 little coasting occurs, if any, 

21 Referring to FIG. 29, the Hard Brake Routine 102 turns 

22 interrupts off 200, and checks the hall position 201. Opposite 

23 phases are pulsed in three microsecond pulses 202. When the time 

24 between two hall edges is between a user-defined, pre-set number of 

25 counts, the shut down routine is executed 203. 
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The transition routine controls flags and handles delays 
between switching, when switching to the off position after soft 
start, there is a two second delay before instant shutdown. When 
switching from high to low or vise versa, there is an eight second 
transition period where calculations and some tests are skipped to 
allow motor performance changes, in some applications, set points 
are needed, such as constant speed, constant current, and constant 

8 torque. These are set when an optional three-position user 

9 operated switch is thrown. 
Referring to PIG. 30. the Transition Routine 163 first 

determines whether the three-position switch 205 has changed 
position 210. If not, then the transition flag is cleared after 8 
seconds 209 and flow is continued to the main routine 96. if the 
switch position has changed, the Transition routine sets 
variables/flags to reflect the change 204, sets the off flag if the 
switch is in the off position 206. clears the off flag if the 
switch is changed from "off" in 2 seconds or less 207. and 
transfers flow to the shutdown routine if the switch is off for 



19 more than 2 seconds 208. 
20 

21 



The A/D routine performs and controls A/D conversion of analog 
input signals. All A/D conversions are based on the bits in the 
PCYCLE register which starts at zero. If the LSB bit is zero, the 
last A/D conversion is saved and the next conversion is setup based 
on bits one and two. If the LSB bit is one. the twenty microsecond 
25 A/D conversion is started. m all cases the PCYCLE register is 
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1 incremented for proper execution on the following loop through the 

2 main routine. 

3 Referring to FIG. 34, the A/D routine 164 checks the PCYCLE 

4 value and branches 212 based on PCYCLE tO: (1) save speed/setup 

5 bus voltage; (2) save speed/setup current; (3) save bus 

6 voltage /setup speed; (4) save current /setup speed; or (5) perform 

7 conversion. The A/D routine then increments PCYCLE 213 and returns 

8 flow to the Main Routine 96. 

9 The calculation routine is required in applications such as 

10 the constant and variable torque applications. The calculation 

11 routine can be located anywhere in the main routine but is usually 

12 foimd after the A/D routine. A calculation flag is set in the 

13 Timer Interrupt to determine how often the calculation is to be 

14 performed. Calculations are usually not performed during a switch 

15 transition period. Referring to FIG. 35, the flow of the 

16 calculation routine 165 for torque is shown. First, the 

17 Calculation Routine loads the number of Hall edges per second and 

18 stores the value 214 . The routine then loads the number of current 

19 base on an A/D conversion 215, and multiplies the hall edges by the 

20 current to determine torque 216 . Flow is then passe back to the 

21 main routine 96. 

22 The tcible look up routine is required by some applications to 

23 determine the proper rotor speed, such as applications for creating 
•24 constant volume flow, following a curve/ table, or possibly 

25 selectable speeds. Referring to FIG. 36, the Table Lookup routine 

26 loads or calculates an index 217 and then calls a table 218. The 
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table location is loaded 219, the index value is added 220 and 
-^ed into the program counter 221, and flow is returned to the 
table lookup 22. The table loolcup then returns (low to the «ain 

Routine 96. 

Turning again to PIG 17, a brief description of the user 
defxned applications 97 executed in the main routine with the above 
described routines is provided below 

y^rxm^ ,p .^^ . s^eea is adjusted through a potentiometer 
gxvxng a true variable speed within the resolution of the 
Potention^ter A/D conversion. i^e potentiometer value is saved 
directly into the varying delay register so that no timer 
subroutine is needed to determine speed change. Calculations or 
calculation flags are not needed. 

Vari ^le cu rren t - current is adjusted through a potentiometer 
givxng a variable current within the resolution of the 
potentiometer and current A/D conversions, ^e potentiometer value 
IS saved directly into the theoretical current register and is 
compared to the actual current to determine speed change. This 
requires a timer subroutine. Calculations or calculation flags are 
not needed. 

^r^ab^e Tor r p ^P - Torque is adjusted through a potentiometer 
g-ing a variable torque within the resolution of the potentiometer 
current and current A/D conversions and of the error counting the 
hall edges per second. Hxe potentiometer value is saved directly 
into the theoretical torque register and is compared to the 
calculated torque value to determine speed change. This requires 
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1 a timer subroutine, a torque calculation routine, and a calculation 

2 flag; 

3 Constant Speed - Speed is set in the transition routine where 

4 the value is saved directly into the theoretical speed register and 

5 is cottqpared to the actual speed value to determine speed change. 

6 This requires a timer subroutine. Calculations, calculation flags, 

7 and potentiometer A/D conversion are not needed. 

8 Constant Current - Current is set in the transition routine 

9 where the value is saved directly into the theoretical current 

10 register and is coirpared to the actual current value to determine 

11 current change. This requires a timer subroutine. Calculations or 

12 calculation flags are not needed. 

Constant Torque - Torque is set in the transition routine 

14 where the value is saved directly into the theoretical torque 

15 register emd is conpared to the calculated torque value to 

16 determine speed change. This requires a timer subroutine, a torque 

17 calculation routine, and a calculation flag. 

18 Constant Volume Flow - For constant CFM, actual torque is 

19 calculated in the main routine. This value is used in a table 

20 lookup to determine the theoretical rotor speed for that particular 

21 torque. This theoretical speed is compared to the actual speed 

22 value to determine speed change. This recjuires a timer subroutine, 

23 a torque calculation sxibroutine, a calculation flag, and a torque 

24 /speed lookup table. 

25 Selectable Speeds - By using a lookup table and several input 

26 lines, a variety of combinations can be used for selectable speed 
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control. The selected speed value is compared to the actual speed 
value to determine speed change. This routine requires a timer 
subroutine. Calculations, calculation flags, and potentiometer 

4 conversion are not needed. This routine is very similar to 

5 constant speed. 

Fo ll ow n,p,fi^Tp,^ip . Any equation can be put in table format 
and followed based upon speed, current, torque, etc. One dependent 
value is found in a table based on another independent value. 
These values can be compared to determine speed change. This 
requires a timer subroutine, possibly a calculation routine, a 
calculation flag, and a lookup table. 

The embodiments which have been described herein are but some 
Of the several which utilize this invention and are set forth here 
by way of illustration but not of limitation. It is obvious that 
many other embodiments which will be readily apparent to those 
Skilled in the art may be made without departing materially from 
the spirit and scope of this invention. 
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DESCRIPTION Two Sp«»d Constant RPM - 

* Soft start VI th pro9rtcjxve torque 

- Htrd brake or natural coast step 

- Hax/Min speed, bus voita^c, and current sense monitor 

- Two Speed Settings ( Low/High 1 

- Low Speed Every Other Phase/ High Speed Every Phase 

- Variable Speed Conpensation 



REGISTER/ BIT ADDRESSES 



J Predefined Register Addresses 
i 

LIST P-16C71 



P1C71 


•qu 


Oh 


INDF 


equ 


Oh 


RTCC 


•qu 


Ih 


OPTIOW 


equ 


Olh 


PCL 


equ 


2h 


STATUS 


equ 


Ih 


rsR 


•qu 


4h 


PORTA 


•qu 


5h 


PORTS 


•qu 


6h 


PORTC 


•qu 


7h 


ADCONO 


•qu 


Bh 


AOCONl 


•qu 


08h 


ADRES 


•qu 


9h 


POATH 


•qu 


QAh 


INTCON 


•qu 


OBh 


TRISA 


•qa 


05h 


TRI5B 


•qu 


06h 


ZRP 


•qu 


•'h 


RPl 


•qu 


oh 


RPO 


•qu 


Sh 


TO 


•qu 


4h 


PD 


•qu 


3h 


Z 


•qu 


2h 


cc 


equ 


Ih 


CARRY 


•qu 


Oh 


GIZ 


•qu 


^h 


ADZE 


•q- 


6h 


TOIE 


•qu 


5h 


INTE 


•qu 


4h 


RBIE 


•qu 


3h 


TOir 


•qu 


2h 


iKTr 


•qu 


Ih 


RBir 


•qu 


Oh 


ADC31 


•qu 


^h 


AOCSC 


•qu 


6h 


CH51 


•qu 


4h 


CKSO 


•qu 


2h 


AOGO 


•qu 


2h 


Acir 


•qu 


Ih 


ADCN 


•qu 


Oh 


pcr;i 


equ 


Ih 


PCFGC 


eq-^ 


Oh 


:nte:3 


equ 


•ih 



; PORTS 


register 


Ol" 


KALI 




Dh 


ssi:n 


•qu 


Ih 


3sz::c 


ecu 




owe 


equ 


ih 


?H£ 


•c- 


4h 






;h 






'2t, 



••Identifies P1CX6CTI 

J ICC? I Special *purposs registers 



;16C7I STATUS bits 



fl6C7I INTCaN register bits 



;16Cri ADCNO register bits 



;l«C7l ADCNl register bits 
;16C:i OPTIWJ register bits 



;Hall Signal Input 
;Set Speea Input MSB 
:Set ipeed Input LSB 
;Operitionai Wmocw -lorrec 
; Phase 3 Output 
; Phase A Dutrut 
;SpeeQ 3eiect 
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OrrsWTC equ Oh 

THANS8 equ Ih 

HIGKLOH «qu 2h 

SLOWrST vqu 3h 

H6RAKE aqu 4h 

CMCFLAG equ 6h 

SrrSTRT equ 7h 

;BITREG2 register bits 

; 

; 



; Define 


General 


Pur 


H BYTE 


equ 


OCh 


L BYTE 


equ 


ODh 


PCHTRO 


equ 


lOh 


PSTORO 


equ 


Ilh 


THEOl 


equ 


I2h 


THEOO 


equ 


13h 


PCYCLE 


equ 


I4h 


TCNTR 


equ 


L5h 


SECCriTR 


equ 


L6h 


HCNTRl 


equ 




HCMTRO 


equ 


leh 


HSTORl 


equ 


I9h 


HSTORO 


equ 


lAh 


BV 


equ 


IBh 


CSACTL 


equ 


ICh 


BITREG 


eq. 


IDh 


BITREG2 


equ 


lEh 


PHASE 


equ 


irrx 


WSAV 


equ 


20h 


STATSAV 


equ 


21h 


SPCADJ 


equ 


22h 


TEMPI 


equ 


23h 


TEMPr 


equ 


24h 


CNTRl 


equ 


25h 


cntr; 


equ 


26h 



;Otf Switch FX*g 

;8 Second Transition flag 

; High/ Low Speed flag 

sSiow Or Fait Speed Transition Flag 

;Hard Brake On/Off Flag 

;OMC Flag 

;Soft Start Flag 



;Hlgh Byte Of l6-blt Result 
;Low Byte Of 16-blt Result 
;PWM Counter LSB 
;PMM Storage LSB 
.-Theoretical HSB 
.•Theoretical LSB 
;PMM Cycle Counter 
; Timer Counter 
•'Seconds Counter 
;Hall Edges Counter MSB 
;Hall Edges Counter LSB 
;Hall Edges Storage MSB 
;Hall Edges Storage LSB 
iBus Voltage Value (A/0) 
; Current Sense Actual Value 
;Bit Register For Loop Control 
;Blt Register For Loop Control 
.-Select Phase A Or B 
;Save Value Of W Register 
;Save Value Of Status Register 
; Speed Adjustment 
.•Temporary Register I 
; Temporary Register 2 
; General Counter 1 
f General Counter 2 



CODE ORIGIHS 



Establish Program Origin .Vid Interrupt Vectors 



org OOh 

goto Stan 

org 04h 

goto :nt V 



org 



lOh 



; reset vector 

; interrupt vector 
; start of code 



INITIALIZE -vEGISTERS 



Inxtlalire Page 1 Registers 



OS I 


3TATUS,nFC 


;select pgi registers 


movlw 


o'OOCllli: • 


;set port A Z/O (l-inpui> 


mow J 


TRISA 


;sena values lo port A 


moviw 


1 Doo::: • 


;set port B I/O (l-mpuc; 




"I^c 


;ser.o values 'o port 3 


moviv 




.cr.ance Ai:;3 -.c Vref fcr A/: 


mow: 




;set ACCCtil register 


:r»ov:w 




:seiecc prescJler, ii-er ir.z 


mowf 




:set zmcu register 


aciici 
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bcf 


STATUS ftPft 


•svlccc pqO rcQxs^crs 


clrf 


PORTA 


I clc4 r 


clrf 


PORT6 


i clssr 


clrf 


ADCOMO 


» clttir 


clrf 


ACRES 


• c ear 


clrf 


PCLATH 




clrf 


INTCON 


» c^^ar 


clrf 


TCNTR 


• clsar 


clrf 


PCNTRO 


• dear 


clrf 




; clftar 






; clear 


clrf 




;clear 


clrf 




* clear 


clrf 


HCNTRl 


/clear 


clrf 


H5TOR0 


; clear 


clrf 


HSTORl 


•-clear 


clrf 


CSACTL 


;clear 


clrf 


PCYCXE 


;clear 


clrf 


PHASt 


;clear 


clrf 


WSAV 


; clear 


clrf 


STATSAV 


; clear 


clrf 


SECCNTR 


;clear 


clrf 


BITREG 


;clear 


clrf 


BITREGI 


;clear 


clrf 


TEMPI 


; clear 


clrf 


TEMP2 


;clear 


clrf 


CNTRl 


;clear 


clrf 


CNTR2 


;clear 



; Initialize Variables 



movlw 
movuf 
movlw 
mowf 
movwf 



.15 
TCNTR 
.75 
BV 

CSACTL 



;«et timer to approximately 
: timer counter 
;aet starting value 
;Bave bus voltage 
;save current sense 



START UP ROUTINE 



Start Jo Switch 



btfsc 


PORTS. 




;checJc if speed 


select low 




goto 


Start 




.-restart micro 






btfsc 


PORT 2, 




;wait :or speed 


input LSB *o 


r}o low 


gotr 


Go 




;continue 






btfss 


PORTS • 


33::n 


;wait for speed 


input MSB to 


go hl?n 


goto 


Start 




; restart micro 







/Perform Soft Start Wiin Increasing Torque 



bsf 


BITRES, 


SFTSTRT 


;set soft 3tart flag 


movlw 


.191 




; number of hall eages 


movwt 


TEMPI 




;aave into general counter 


movf 


TEMPI. J 




:load » 


movwf 


PSTORO 




;save increasing torque delay counter 


movlw 


.5 




; Shi ft rignt loops 


mowf 


orTRi 




;save intc general counter 


bcf 


STATL'S, 


CARRY 


;clear carry bit 


rrf 


PSTORO, 




: divide by 2 


decfst 


CNTRl 




;oecrement general counter 


gctr 






; continue shifting 


movf 


rSTCRC, 




; load w 


btfsc 


STATJS, 




;chectc If tero 


got; 


Mset-? 




.•continue with Main Setup 


moviw 






;nuraoer sf hail eases dcubiec 


mo^"wf 


ctitr: 




;sav« ir.ro tempcrary rounter 


btf sr 


tCaTs . K 


ALL 


jaliqnntertc ot -ail signal ir.z =nases 


?ct: 






: continue wi-n r.icr. r.ail iicr.s. 




?C:xTz,.- 


Hr 


••turn erase 3 


os; 






.-select pnase 


scf 






;unsei-ct pnase = 


csf 






;seiect pel reciiters ^ 
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bsf OPTION, INTECG ;set rising hall edge detect 

bcf STATUS, RPO ; select pgO registers 

goto Qu«r_0 ; continue 

Hihsll bcf PORTB.PHA ;turn pnese A off 

bcf PHASE, S ;unselect phase A 

bsf PHASE, 4 ;select phase 8 

bsf STATUS, RPO ; select pgl registers 

bcf OPTION, INTEDG ;sct Calling hall edge detect 

bcf STATUS, RPO ; select pgO registers 

Quarto movf TEMPI, 0 ; number of pwms (y of x*y| 

fflovwf PCNTRO ;save into general counter 

Quaz^I movlw .25 :nuin&er of pwms (x of x*y) 

raovwf TEMP2 ;save Into general counter 

btfsc PORTS, SSINO ;ia speed Input LSB low 

goto Kal_l ; continue 

btfss PORfB,SSINl ;is speed input MSB high 

goto Sd^inst ; no. . .instant shutdown 

Hal_l movf PHASE, 0 ;load PHASE into W 

xorwf PORTB,! ;aet phase high 

movf PSTORCO ;load W 

sublw .6 f6-PSTOR0 delay loops 

movwf CNTRl ;save into general counter 

Del_0 decfsr CNTRl ;decrement general counter 

goto Del^O .'continue delay 

movf PHASE. 0 ;load PHASE into W 

xorvf POTTB,: ;set phase low 

btfsc INTCON,INTF ;checlc if hall edge received 

goto Halrcvd .-continue 

movf PSTOR0,0 ;load W 

movwf CNTRl ;save intc general counter 

Oei_l decfsz CNTRl ;decrement general counter 

goto Del_l .-continue delay 

Pul_: decfsz TEMP2 .-decrement general counter 

goto Hal_i .-continue pulsing 

decfsr PCNTRO /decrement general counter 

goto Quar I ; continue loop 

movf PHASE, 3 ;load PHASE into W 

xorwf PORTB,! ;set phase high 

Edgwait btfsc PORTB, SSINO ;is speed input LSB low 

goto Edg_l /continue 

btfss PORTB, SSINl ;is speed input MSB high 

goto Sd_tnst ;no instant snutdown 

Edg_l btfss INTCON,INTF ;chec)c IC hall edge received 

goto Edgwait /continue waiting for hail edge 

Halrcvd bcf INTCOIMNTF ;clear hall edge if present 

decfsz CNTR2 /decrement general counter 

goto Halcng2 /continue loop 

decfsz TEMPI /decrement general counter 

goto Halcng /continue loop 

/Setup For FWM, Timer, And Main Program Processing 



Hsetup 



movlw 

movwf 

mcvwf 

movl-v 

movwf 

clrf 

movlw 

movwf 

bsf 

bcf 

bsf 

bcf 



.25 

PSTORO 
PCNTRO 
.15 
TCNTR 

SEcarrR 

b'OOllOOOO' 

INTCON 

INTCON,GIE 

BITREG.SrrSTRT 

BITREG,OWCFL?iG 

31TREG.HBRAKE 



/ PWH starting point X^B 

/save in PHM storage LSB 

/save into PHM counter LSB 

/set timer to approximately I sec 

/timer counter 

/clear seconds counter 

/clear flags and enable THRO and PWM 

/write INTCON register 

/global enable 

/clear soft start flag 

/set owe output 

/SET HARD BRAKE 



/ ha::j ?RC3R;^>t 



Mam 

rZili .-./: =cutir.e 

ca-l .-.a r.a: 



;A/^ c^r.versiir. r rut me 
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;Checlc Bus Voltkgv & Current Sense Mi nimura/ Maximum 



Cpl 



Lovsw 



Chic 



Hlohsw 



ChH hi 





^ 1 rt 
> ^ 


subw^ 








goto 


Sd^lnst 


nop 




raovlw 


.5 


subwf 


CSACTL,0 


btfss 


STATUS, CARRY 


goto 


Sd^lnst 


nop 




moviw 


.49 


autywf 


BV,0 


btfss 


STATUS, CARRY 


goto 


Sd_inst 


nop 




movlw 


.60 


•ubwf 


BV,0 


btfsc 


STATUS, CARRY 


goto 


Sd^inst 


nop 




Transition Routine 


btfss 




goto 


cpl 


bttsc 


PCRTB,SSINO 


goto 


Of f sw 


goto 




btfss 


PORTS- 2StND 


goto 


Of fsw 


bcf 




btfss 


BITREG. HIGHLOW 


goto 


Chk low 


bcf 


RTTpr/i uTRUf nw 
ox 1 nc>u , n±\3ni.\jn 


bsf 




movlw 


• 1 00 


movwf 


PSTORO 


clr ; 


ACa^wn 1 n 


goto 


Timechk 


movlw 


.100 


movwf 


THEOO 


clrf 


THEOl 


bcf 


STATUS, CARRY 


rrf 


HSTOR1,0 


rrf 


HSTOR0,C 


sublw 


. 40 


btfsc 


STATUS, CARRY 


goto 


Sd^^inst 


noo 




bcf 


STArJS, CARRY 


rrf 


HSTORX, J 


rrf 


HSTORCO 


suciw 


.133 


btfss 


STATUS, CARRY 


goto 


Sd_inst 


nop 




goto 


Time CM K 


bcf 


aiTREG.OFFSWTC 


btfsc 


BITRCCHIGHLOW 


goto 


CMC hi 


bsf 


BITREG, HIGHLY 


bsf 


9ITREG,TRANS8 


movlw 


.10 


movwf 


PSTORO 


clrf 


SECaXTR 


goto 


Timecr.k 


moviw 


.160 


movwf 


THEOO 


clrf 


THEOl 


bcf 


STATUS, CARRY 


r*' 


hstor: . : 


rrf 


HSTORO. : 


surlv 




btfsr 


jTATVS. CARaV 


go-: 




nop 









.•current sense absolute maximum e 5.5V/4.95A 

••subtract CSACTL-CSMAX 

; check carry for negative result 

; instant shutdown if below maximum 

; current sense absolute minimum e 5.5V/0.11A 

; subtract CSACTL-CSMIN 

; check carry for negative result 

; instant shutdown if below maximum 

;bu9 voltage absolute minimum 6 5.5V/90V 

: subtract BV-BVMZN 

; check carry for negative result 

; Instant shutdown if below minimum 

;bu» voltage absolute maximum fl 5.5V/ 130V 

; subtract BV*BVMAX 

; check carry for negative result 

; instant shutdown if below minimum 



: check operation 

jgoto next checkpoint 

; check operation 

;goto off switch 

;goto high switch start 

; check operation 

;goto off switch 

; clear off switch flag 

; check high speed flag 

;continue 

; clear high/ low speed flag 
;3et transition flag 
; number PHHs 

;aave into PHM Storage LSB 

; clear the seconds counter 

;goto time check 

;load W with SETRPM 

;»ave into Hall Theoretical LSB 

; clear Hall Theoretical MSB 

; clear carry bit 

;divide Hall storage MSB by : 

;divide Hall storage LSB by 2 

; rotor speed low minimum 3 1200 RPM 

; check carr*/ for negative result 

; instant shutdown if below minimum 

;cl»ar carry bit 

;divide Hail storage MSB by 2 

^divide Hall storage LSB by Z 

; rotor sp«eo low maximum i» 4 000 RPM 

;check carry for negative result 

; instant shutdown if below minimum 

;goto time check 
;clear off switch flag 
; Check high speed flag 
; continue 

;set high/low speed flag 
;set transition flag 
; number PNMs 

;save into PWM Storage LSB 

; clear the seconds counter 

;goto time cnecK 

;load M with constant SETRFM 

jsave into Hall Theoretical LSE 

;clear Hall Theoretical MSB 

;clear carry bit 

-divioe Hall atarage MSB Cy : 

;sivide Hail storage LSB oy : 

; rotor speco nirn r.inir.ur. ? l^C: aP>* 

.-cnecK -arry frr negative resul- 

; instant jnutacwn if oeirw .Tti-inurr. 



: Clear carry zxz 
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Offsw 



^ V ^ 


HSTORl , J 


- - ^ 


HSTOROr 0 




• 166 




STATUS, CARRY 




Sd_inat 


nop 




QOtO 


Tim»chk 


btf 53 


BlTREG»OrrSWTC 


cirz 


SECCNTR 




BITRECOFFSWTC 


baf 


BITREG,7RANS8 


lAOVl W 


.2 


subwf 


SECCNTR, 0 




STATUS, 2 


goto 


Trnstnd 


btfsc 


BITREG,HBRAKE 


goto 


H br«Jce 


goto 


Sd_lnat 


btfss 


BITREG,TRANS8 


goto 


Trnsand 


moviw 


.a 


subwf 


SECCNTR, 0 


btfac 


STATUS,; 


bcf 


BITRECTRANSe 


goto 


Mam 



; divide Hall atorage MSB by 2 
.-divide Hall atorage LSB by 2 
; rotor apeed high naxinum 6 5000 RPM 
.-check carry for negative reault 
;inatant anutdown if below minimum 

;goto time check 

;check if off awitch flag already set 

; Clear the aeconda counter 

;8et off svitch flag 

;3et transition flag 

.'load 2 aeconda into W 

;SECCNTR-2 

;ha8 2 aeconda elapaed? 

; finished with tranaition routine 

; check if Hard Brake aet 

;hard braking 

;inar>nt shutdown 

; check tranaition flag 

.•finished with trinaition routine 

.'load X aeconoa into H 

;S£CCNTR-x 

;haa x aeconds elapaed? 
.'Clear tranaition flag 



.'perform closed loop operation 



A/D SUBROUTINES FOR MAIN INTERRUPT 
A/D conversion With High/Low Flag Check And Current Averager 



Ad_main rncf PCYCLE,: 

btfsc PCYCLE.O 

goto Ad go 

btfac PCYCLE,: 

goto Ad spd 

btfsc PCYCLE.C 

goio Ad cur 

goto Ad~bus 



; increment PHM Cycle Counter 
: Check bit 0 

; start A/D conversion il:2 PWMal 
.'Check bit I 

; setup A/D apeed input (1:4 PWMs( 
; check bit 2 

;setup A/D bus voltage (1:8 PWMsi 
.'setup A/0 current sense 11:3 PWMsi 



feegir A/0, Check Current cense High, Bus Voltage Low, Shutaown Flag 

""■"^^ ^elur. '-"t ADGO bit to begin A/D conversion 

; continue 

rnitlalize A/D For Current Sense lAINOl And Save Speed Input Conversion 



Ad_cur moviw b'OOOCCOOl' 
"wvwt ADCONO 
return 



; select fosc/2 and AINO 
;set up A/D 
; continue 



initialize A/D For 3us Voltage (AINU Anti Save Speed Input Conversion 

Ad_bus moviw o»0000l00l' 
«>vw: ADCONO 
return 



.'select fosc/2 and AlNl 
;set up A/D 
.'Continue 



Ir.itialize A/D For Speea Incut (AIN2) And Save Current Or Bus Voltage Conversion 



.^_spa btisc 
?ct: 



rC/ClE.: 
Ad sous 



.•Save Current Sense 



mow; 
now: 



ACRES. ;• 
CSACT1 

:":oc:occ: ' 
.-.rccr:: 



.'Check tit C for current rr voltaoe 
.'aave ila ous voltage 



;load W with last A/D ccnvemon 
.•save current sense tl:3 rVWsi 
; select izsz/Z ina AINZ 
;set up A/C inc start zrn'/ersirr. 
: continue 



iJve =us V;:ta;e 
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Ad_3bu3 raovf ACRES, 0 

" mowf BV 

movlw b' 00010001' 

mowf ADCONO 
cflcurn 



;ioad w with last A/D conversion 
;save bus voltaqe (1:9 PNMs r 
;8«lect fosc/2 and AIN2 
:sec up A/D 
; continue 



CHECK ACTUAL 7S THEORETICAL 





THfcOl, 0 




nSTORl t 0 


btf 5C 




90 to 


Chlclsb 




STATUS, CARRY 


<70to 


Speeddn 




THEOO , 0 




HSTORO, 0 


fnovwf 


SPDAOJ 


goto 


Pwnidecr 


d^wcuun move 


HSTORO, 0 


subuf 


THbOO # 0 


inowf 


SPDAOJ 


90 to 


Pwmincr 


nsovz 


THEOO, 0 


■ubw' 


HSTOR0,0 


btf sc 


STATUS, Z 


return 




•novvf 


SPDAOJ 


btf 55 


STATUS, CARRY 


comf 


SPDAOJ,! 


f e • 


STATUS, CARRY 


90to 


Pwmincr 


Pwmdecr movlw 


.7 


movwf 


TEMP2 


bcf 


STATUS, CARRY 


rrf 


SPDAOJ,! 


Pwradcnt decf 


PSTORO,! 


btfsc 


STATUS,: 


tncf 


PSTORO, 1 


bcf 


STATUS, CARRY 


rrf 


SPDAOJ,: 


btfsc 


STATUS,: 


goto 


Tsubena 


decfsr 


TEMP2 


goto 


Pwmdcnt 


goto 


TsuDend 


Pwnincr moviw 


.7 


movwf 


TEMP2 


bcf 


STATUS, CARRY 


rrf 


SPDAOJ, : 


Pwmicnt incf 


PSTORO. 1 


btfsc 


STATUS, Z 


decf 


PSTORO, : 


bcf 


STATUS, CARRY 


rrf 


SPDAOJ, 1 


btfsc 


STATUS,: 


goto 


Tsubena 


decfsz 


TEMP2 


goto 


Pwmicnt 



Tsubena return 



;!oad W with THEOl 

;HST0R1-THE01 

; check If HSBs are equal 

;9oto check LSB routine 

; check carry bit 

; continue 

;load THEOO into H 

;HSTOR0-THEO0 

;save difference 

/goto decrement routine 

;ioad HSTORO xnto w 

;THEO0-HSTOR0 

;aave difference 

;goto increment routine 

;load THEOO into w 

;HSTOR0-THEO0 

; check if zero 

; continue 

; HSTORO-THEOO 

.-check if positive 

jcompiement the difference 

; check if positive 

;goto increment routine 

; del ay loops 

;aave into temporary counter 
: clear carry 
; divide by 2 

;decrement PWM storage LSB 

; check if zero 

; Increment PWM storage MSB 

: clear carry 

/divide by 2 

; check if zero 

/finished with cimrsub 

/decrement temporary counter 

/continue 

/finished with timrsub 
/delay loops 

/save into temporary counter 
/clear carry 
/divide by 2 

/increment PWM storage LSB 

/check if :ero 

/decrement PWM storage MSB 

/clear carry 

/divide by 2 

/check if zero 

/finished with timrsub 

/decrement temporary counter 

/continue 

/end of timrsuo routine 



DISABLE 3L0cAL INTEF.RUPTj 



:r:Tcc 



;cisaoi* ?icc3i :n-;rruxts 



.j.i ;veri:v ^:sjo;e 
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goto Gleoff 
return 



HARD BRAKING ROUTINE 



H^br«ke call 
bc£ 
bc£ 
bcf 

Bpha«e cirf 
clrf 

Halloff btfsc 
goto 
nop 
nop 
bBf 
nop 
nop 
bc£ 
incf 
btfsc 
Incf 
movf 
aublw 
btfsc 
goto 
baf 
nop 
nop 
be: 
goto 

Aphase clrf 
clrf 

Hallon btfss 
goto 
nop 
bsf 
nop 
nop 
bcr' 
incf 
btisc 
incf 
movf 
aublw 
btfsc 
goto 
baf 
nop 
nop 
be; 
goto 

; 



INSTAI4T SHUTDOWN ROUTINE 



rai: 


Gleeff 


be; 


?(«IT9,CWC 


be; 


PORTS. ?HA 


be; 


PORTS, r HE 


btfsc 


PORTS. 3S:no 


;etc 


Sd Inst 




PORTS. 2s:r:i 


70tc 




-7= to 


Star- 



Giaoff 
PWB.OHC 
PORTS, PHA 
PORTS, PHB 
PCNTRO 
HCNTRl 
PORTS, HALL 
Aphas« 



PORTS, PHB 



PORTS. PHB 

PCNTRO,: 

STATUS,! 

HCNTRl,: 

HCNTRl, 3 

.15 

STATUS, Z 
S<1 Inst 
PORTS, PHB 



PORTB, PHB 

Halloff 

PCNTRO 

HCNTRl 

PORTB, KALL 

Bphase 

PORTB, ?HA 



PORTB. PHA 

PCNTRO,: 

STATUS.: 

HCNTRl,: 

HCNTRl , 0 

.15 

STATUS,: 
Sd inst 
PORTS, cHA 



PORTS, PHA 
Hallon 



;no. . . try again 
; return to call 



;disabl« all Interrupts 

;set OHC low 

;turn phase A off 

;turn phase B off 

; clear PWM counter LSB 

; clear Hall counter MSB 

; alignment of hall algnal and phaaes 

••continue with high hall signal 

;a delay 

;a delay 

;turn phase B on 
;for a tl us pulse 
;for a tl us pulse 
;turn phase B off 
; increment 
.•check if rero 
; increment 
xload W 

; compare to timer *3nstant 

; motor almost stopped? 

; yes* . .instant shutdown 

;turn phase B on 

; for a tl us pulse 

; f or a «>l us pulse 

;curn phase B off 

; continue pulsing 

; clear PWM counter LSB 

; clear Hall counter MSB 

.-alignment of hall signal and phases 

; continue with low hall signal 

:a delay 

;turn phase A on 
; Cor a *1 us pulse 
:for a ti us pulse 
;turn phase A off 
; increment 
; check if zero 
; increment 
;load H 

; compare to timer constant 
imotor almost stopped? 
; yea . , . instant shutdown 
.'turn phase A on 
;for a "l us pulse 
; f or a ^l us pulse 
;turn phaae A off 
; continue loop 



;disable all interrupts 
;set owe low 
;pna8e A off 
:pha3e 3 off 
;is speed input LSB low 
; no. .. instant shutdown 
;;3 apeea input MSB low 
;r.o. .. instant snutcown 
; restart rtiiercprocessor 
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TIMER INTERRUPT (1:256 ?rescale» 



IntJ/ 


mowf 


WSAV 




niovf 


STATUS, 0 




mowf 


STATSAV 




btfss 


INTCON,rOIF 




goto 


Pwm V 




bcf 


INTCON,T0ir 




decfsz 


TCNTR.i 




goto 


Int ena 


End^sec 


movf 


HCNT Rl , 0 




mowf 


HSTORl 




movf 


HCNTRO.O 




mowf 


KSTORO 




clrf 


HCNTRO 




cirf 


HCNTRl 




call 


Tlrarsub 




movlw 


.15 




mowf 


TCNTR 




incf 


SECCNTR,: 




goto 


Int_ena 



save w register 
load STATUS into W 
save STATSAV 
timer interrupt flag? 

no goto PWM interrupt 

reset timer flag 

decrement timer counter 

finished with Interrupt 

load Hall counter MSB Into W 

save Hall storage MSB 

load Hall counter LSB into w 

save Hall storage LSB 

clear Hall counter LSB 

clear Hall counter MSB 

call incr/decr routine 

set timer to approx I sec v/extra 576us 

save in timer counter 

increment elasped seconds 

finished with interrupt 



; PWM INTERRUPT t25KHrl 



Pwm_v 


bcf 


STATUS, RPO 




bcf 


PORTB, ?HA 




bcf 


PORTB^PHB 




bcf 


INTCCN^INTF 




movf 


PSTORO.O 




mowf 


PCNTRO 




incf 


HCMTRO.l 




btfsc 


STATUS,: 




incf 


HCNTRl,: 




btfsc 


PORTB, HALL 




goto 


P hhi 


P_Mo 


bcf 


PHASE, 4 




bsf 


PHASE, c 




bsf 


STATUS, RPO 




bsf 


OPTION, INTEDG 




bcf 


STATUS, RPO 




btfsc 


BITREG,HIGKLOW 




got2 


P_pulae 




goto 


P~stop 


P_hhi 


bcf 


PHASE, c 




bsf 


PHASE, 4 




bsf 


STATUS, RPO 




bcf 


OPTION, INTEDG 




bcf 


STATUS, RPO 


P_pulse 


btf35 


BITREG.HIGHLOW 




raovlw 


.9 




btfsc 


BITREG.HIGHLOW 




moviw 


.3 




mowf 


CNTR2 


P_3l3y 


decfs: 


CNTR2 




got2 


P dlav 


P_3lli 


decfsr 


PCNTRO.: 




goto 


P pulse 


?_-i^r. 


movf 


PHASE,: 




xcrwf 


PORTS. : 


P_3tCp 


moviw 


b» 00001000* 




btfsc 


BITREG.OircriAG 




xor*rf 


?ORTB. : 




mov; 


STATSAV. :> 




3ww; 


STATVS 






WSAV, : 




re^fie 





;select pgO registers 

;turn phase A off 

;turn phase B off 

; clear hall interrupt flag 

;move PWM storage LSB into W 

;save into PWM counter I,SB 

; increment hall counter LSB 

; check for carry 

; increment hall counter MSB 

; alignment of hall signal and phases 

;hall high, select phase B high 

.-unselect phase B 

;select phase A 

; select pgl registers 

;set rising hall edge detect 

;select pgO registers 

;high or low speed? 

/continue 

: continue 

; unselect phase A 

; select phase B 

: select pgl registers 

;set falling hall edge detect 

;select pgO registers 

;chec»c high speed flag 

; del ay loops for low (91 

; check high speed flag 

.-delay loops for high |3» 

:save into general counter 

/decrement general counter 

/continue delay 

/decrement general counter 

/continue to PWM 

/load PHASE into w 

/set pnase high 

/perform XOR on bit 3 of poet 3 

/check for owe 

/swltc^. owe hicn/Iow 

/ load STATUS into W 

/restore STATUS register 

;ioaa WSAV into W 

;enQ zt inter r'jpt 
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DESCRIPTION This program is designed to implement % constant CFM based on the comparison 
of a torque calculation and an RPM-corque loo»t-up taole. High/Low Switch 
determines the selectable speed ranges for furnace. 



REGISTER/ BIT ADDRESSES 



Predefined Register Addresses 



LIST P- 


16C71 




LSB 


equ 


Oh 


80 


equ 


Oh 


81 


equ 


Ih 


82 


•qu 


2h 


83 


equ 


3h 


PIC71 


equ 


Oh 


INDF 


equ 


Oh 


RTCC 


equ 


Ih 


OPTION 


equ 


Olh 


PCL 


equ 


2h 


STATUS 


equ 


3h 


rsR 


equ 


4h 


PORTA 


equ 


5h 


PORTS 


equ 


6h 


PORTC 


equ 


Th 


AOCONO 


equ 


8h 


AOCONl 


equ 


UDn 


ADRES 


equ 


9h 


PCLATH 


equ 


OAh 


INTCON 


equ 


OBh 


TRISA 


equ 


05h 


TRISB 


equ 


06h 


IRP 


equ 


'h 


RPl 


equ 


6h 


RPO 


equ 


:h 


TO 


equ 


<lh 


PD 


equ 


3h 




equ 


2h 


CC 


equ 




CARRY 


equ 


Oh 


SI£ 


equ 


^h 


AOIE 


equ 


6h 


TOIE 


equ 


th 


IMTE 


equ 


•Ih 


RBIE 


equ 


3h 


Toir 


equ 


rh 


iNTr 


equ 


Ih 


RBir 


equ 


3h 


AOCSl 


equ 


"h 


ADCSO 


equ 


6h 


CHSl 


equ 


;h 


CHSO 


equ 


2h 


ADGO 


equ 


:h 


Aoir 


equ 


Ih 




equ 


Ih 


PCF3: 


equ 




Fcrcc 


equ 


:h 


IHTECG 


equ 




; fORTA 


re'?*.j-?r 










: rCRTr 







; Identifies PICX6C1 
: Division constants 



;16C71 Special-purpose registers 



:1€C71 STATUS bits 



;16C7l :NTC0N register bits 



;16C71 ADOIO register bits 



;16C71 ACc::i register bi:2 
;16C7l OPTIOTJ register oi-s 



:£eiec 
;£eiec 
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KAU. ttqu 
SSINl equ 
5SIN0 equ 
owe equ 
PHB equ 
PHA equ 
SELECT 0 equ 
5ELEC71 equ 



Oh 
Ih 
2h 
3h 
ih 
5h 
6h 
7h 



;B1TREG register bits 

OrrSMTC equ Oh 

TRANS8 equ Ih 

HX6HL0W equ 2h 

WWTOWC equ 3h 

GMCFLAG equ 6h 

srrSTRT equ 7h 
; 

;BX7RCG2 register bits 

; 

StCWrST equ Oh 

rOURSEC equ ih 

CALCrRQ equ 3h 

STARTUP equ 5h 



Define General Purpose Registers 



;HaXI Signal Input 
:Set Speed Input MSB 
;Set Speed Input LSB 
; Operational Window Correct 
; Phase B Output 
; Phase A Output 
;Selection Bit 0 
;Selection Bit I 



:Off Switch riag 

; Eight Second Transition Flag 

; High/ Low Speed Flag 

;Walt For owe Flag 

;OWC Flag 

;Soft Start Flag 



;Slow Or Fast Transition Flag 
;Four Seconds Start Flag 
; Calculation Frequency Flag 
; Starting 15 Seconos Flag 



H BYTE 


equ 


OCh 


l"byte 


equ 


ODh 


•ifTRl 


ftqu 


Of.h 


aiTR2 


equ 


OFh 


PaiTRO 


equ 


lOh 


PSTORO 


•qu 


llh 


pcycle 


•qu 


12h 


TCfTR 


equ 


13h 


SECCNTR 


equ 


14h 


hcntr: 


equ 


15h 


HorrRO 


equ 


16h 


HSTORl 


equ 


llh 


HSTORO 


equ 


IBh 


TCALC 


equ 


19h 


TTHEO 


equ 


lAh 


bv 


equ 


IBh 


CSSUMl 


equ 


ICh 


CSSUMO 


equ 


lOh 


CSACTL 


equ 


lEh 


BITREG 


equ 


IFh 


BITREC2 


eqj 


20h 


PHASE 


equ 


21h 


WSAV 


•qu 


22h 


STATSAV 


equ 


23h 


MULCJD 


eqj 


24h 


MULPLR 


eqv: 


25h 


TEh!P 


equ 


:6h 


BLKFLUE 

; 


equ 


27h 


; COSE 


ORIGINS 





.'Calculation MSB 

; Calculation LSB 

; General Counter 1 

fOeneral Counter 2 

;PWM Counter LSB 

fPWM Storage LSB 

;PWM Cycle Counter 

; Timer Counter 

; Seconds Counter 

;Hall Edges Counter MSB 

;Hall Edges Counter LSB 

;Hall Edges Storage MSB 

;Hall Edges Storage LSB 

;Torque Calculation 

; Torque Constant Theoretical 

;Bus Voltage Value 

;Current Sense Sum MSB 

;Current Sense Sum LSB 

••Current Sense Actual Value 

;Blt Register For Loop Control 

;Bit Register For Loop Control C 

.•Select Phase A Or B 

;Save Value Of W Register 

;Save Value Of Status Reoister 

;e-blt Multiplicand 

;e-bit Multiplier 

.•Temporary Register 

.•Current Calculation for Blocked Flue 



; Establish Program Origin At\o Interrupt Vectors 



or^ 
7c^: 

7ct= 
or? 



OOh 
Start 

?4h 

:-'h 



; reset vector 

.'interrupt vector 
.'Start code 
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Initialize Page 1 Registers 



Start 



M 


STATUS, RPO 


moviw 


b'OOOlllll* 


movwc 


TRISA 


IBOVlw 


b'llOOOlll* 


movwf 


TRZSB 


movlw 


.2 


movwt 


AOCONl 


movlw 


b'OlOOOlll* 


movwf 


OPTION 



;Clear Variables 



.-select pgl registers 
;set port A 1/6 (1-lnputI 
;send values to port A 
;set port a I/O ll«inputl 
;8end values to port B 

?set AIN0,1 to analog; AIN2«3,4 to digital 
;set ADCONl register 
; select prescaler, timer and INT edges 
;3et OPTION register 



bcf 


STATUS, RPO 


; select pgO registers 


clrf 


PORTA 


;cleir 


clrf 


PORTB 


; clear 


clrf 


ADCONO 


; clear 


clrf 


AOR£S 


; clear 


clrf 


PCLATH 


; clear 


clrf 


INTCON 


;cleer 


clrf 


PCVCIE 


.-clear 


clrf 


PHASE 


; clear 


clrf 


WSAV 


; clear 


clrf 


STATSAV 


; clear 


clrf 


SECCNTR 


;clear 


clrf 


BITREG 


; clear 


clrf 


BITRCG2 


; clear 



finxtiallie Variable* 



movlw 
movwf 
movlw 
mowf 
movwf 



.15 
TOTTR 
.75 
BV 

CSACTL 



START UP ROUTINE 



;set timer to approximately 1 sec 
.-timer counter 
;set starting value 
;save ous voltage 
;save current sense 



Checic Selection Bits Ana Low/ High Fire Commands 



; bt fss 


PORTA. JELECTO 


goto 


Start 


btf3C 


PORTA. 5ELECT1 


goto 


Start 


bcfss 


PORTA, select: 


goto 


Start 


btfsc 


P0RTA.JELECr:3 


goto 


Start 


btfsc 


PORTB. SSINO 


goto 


Go 


btlss 


PORTE. SSINl 


goto 


Start 



;checic selection bit 0 
; return to start up 
.-checic selection bit I 
; return to start up 
; checic selection bit 2 
/return to start up 
;chec»: selection bit 3 
;return to start up 
;wait for speed input 
; continue 

;wait for speea input MSB to jo ni^n 
; restart micro 



LSB zo io low 



Perform Soft Start wit.*: Increasing Torque 



Go 



Haichg 



Shftr.g 



bsf 


BITREG. 


SETSTRT 


;aet soft start flag 


movlw 


,191 




;number of nail edges 


mc-/wf 


TEMP 




;save into general 


counter 


movf 


TE.MP, : 




.-load W 




movwf 


PSTORO 




.-save increasing t 


crcue aeiay rcunter 


movlw 


^ c 




.'Shift rignt ;oops 


mo\-wf 


CIITF.I 




.-save into general 


■rounter 


bcf 


oTAT- J , 


CARRY 


.clear Zitzy cit 




r* ' 


PSTOftC, 




.divide cy Z 




ztctsz 


CMTRl 




.-oecrement aererii 


rrunter 


?• - - 






;csntir.ue snitir.; 




«:vf 


PSTORC. 




.-loao w 






■STATUS • 




;cnecK ;f ;ert 






:isef-= 




; continue vi-- 


r. ietur 
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H«lchg2 



Hihall 



Hal 1 



Dfll 0 



D«l_i 



Haircvd 



movlw 


.2 


; number of hall edges doubled 


raovwf 


L BYTE 


;8ave into temporary counter 


bztsc 


PORTS* HALL 


; alignment of hall signal and phases 


goto 


Hlhftll 


; continue with high hall signal 


bcf 


PORTB, PHB 


;turn phase B off 


bsf 


PHASE p 5 


; select phase A 


bcf 


PHASE, 4 


•unselect phase B 


bst 


STATUS. RPO 


•select pgl registers 


bsf 


OPTION, ZNTEDG 


#3et rising hall edge detect 


bcf 


STATUS, RPO 


reelect pgO registers 


qozo 


Quar 0 


; continue 


bcf 


PORTBr PKA 


jturn phase A off 


bcf 


PHASE, 5 


^unselect phase A 


baf 


PHASE, 4 


j select phase B 


bsf 


STATUS, RPO 


;select pgl registers 


bcf 


OPTION, INTEDG 


;set falling hall edge detect 


bcf 


STATUS, RPO 


; select pgO registers 


novf 


TEMP,0 


;nuiBDer of pwms <y of x*y) 


movwf 


PCNTRO 


«save into general counter 


movlw 


.25 


; number of pwms (x of x*y) 


niovwt 


H_BYTE 


jaave Into general counter 


btfsc 


PORTB,SSXN0 




goco 


Hal 1 


: cant i niiti 


bcf 33 


PORTB.SSINl 


speed Input MSB high 


goto 


Sd Inst 


«no. • .instant shutdown 


nwvf 


PHASE, 0 


;load PHASE into H 


xorwf 


PORTS, 1 


; set phase high 


movf 


PSTORO, 0 


;load W 


sublw 


.6 


; 6* PSTORO de 1 a y loops 


BOVWf 


CNTRl 


I save into general counter 


decf sz 


CNTRl 




goto 


Del 0 




movf 


PHASE, 0 


2 load PHASE into H 

# *W«*v mlV^t^Et ^ii^W " 


xorvf 


PORTB, 1 


iset phase low 


btfsc 


intccn,:ntf 


; check if hall edge received 


goto 


Haircvd 


: com lnti0 


movf 


PSTORO, 0 


-load W 


movwf 


CHTRi 


• saw into general counter 


decf sz 


CNTRl 




goto 


Del 1 




dccf sz 


H BYTE 


i dec rement gene c a 1 count e r 


goto 


Hal 1 


iwwnbAnuv puxaing 


decf sz 


PCjfRO 


;decrement general counter 


goto 


Quar 1 


; continue loop 


movf 


PHASE, D 


.-load PHASE into W 


xorwf 


PORTB* ; 


;set pnase high 


btfsc 


PORTB » SS INO 


» ^9 specu ^nput i.dD low 


goto 


Edg I 


, cwnvinuc 


bt f S5 




w i.a spBca input ndu nign 


W W V 


Sd Inst 


• no . • . ins tant snutuown 


btf ss 




* checkc If hall edge received 


'Sots 


Edgwa 1 w 


*wvnti*iuv wsiting k.or naxi tq^o 


bcr 


INTCCtJ, INTT 




decf sz 


L^BYTE 


vdccrentenc oenapsl countsr 


goto 


Halchgi 




decf sz 


TEMP 




aoto 


Halcng 




Tor ?WM» 


• t t /VlU ina 1 n 


Program Processing 


bcf 


PnPTD Dun 


rturn phase A off 


bcf 


pnpTn pun 


fturn phase B off 


cirf 


ncn 1 n u 


I clear 


clrf 


HCNTRl 


s clear 


clrf 


HSTORO 




clrf 


HSTORl 


;clear 


cirf 


SEccrrrR 


; clear seconas counter 


moviw 


. 55 


;PWM starting point LSB 


movwf 


PSTORO 


;save in ?WH storage LSB 


movwf 


PCNTRO 


;save into PWM counter LSB 


moviw 


.15 


;set timer to approximately 1 sec 


mowf 


TCNTR 


; timer rounter 


moviw 


b'OCllCOOO* 


.-clear :iaqs jna enaoie TMRO arvc PKM 


movwf 


INTCON 


;--^rite ZHTCON reaister 


bs; 


:ntcc:;-s:£ 


fglooai enaoie 




:::TCcr:,:::Tr 


.-clear r.ail eace ,1 crescr.-. szi: sz 


CS I 


91TREG.0WCFL.-.3 


;set CWC flaa 


cs z 


5ITREG.v:aitcv:c 


;3et WAITOXC flap 


cs: 


2 1 TRE 3 . H 1 3r LCN 


;3et HlZHLC^l ilA<z 
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MAIN PROGRAM 



Main 

# 

;C4ll A/D Roucine 
; 

Ad call call Ad main 



;A/D conversion routint 



Chcclc Tor Full Restriction On Start Up Before ri 
B1TREG2, STARTUP 



Fullrst btfsc 



goto 


Calctrq 


movf 


SCCCNTR, 0 


suolw 


.15 


btfsc 


STATUS, CARRY 


goto 


Calctrq 


movf 


SECCNTR, 0 


suolw 


*n 


btisc 


STATUS, Z 


bsf 


BITREG2, STARTUP 


moviw 


,i 


mowf 


BLKFLUC 


movf 


8V,0 


movwf 


MULCND 


moviw 


.92 


movwf 


MULPLR 


call 


Multeec 


bcf 


STATUS » CARRY 


rlf 


L BYTE.O 


clf 


H^BYTE, D 


addwf 


BLKIXUEri 


movf 


HSTORltO 


btfss 


STATUS,! 


call 


Owcoff 


movf 


BLKFLUE^O 


subwf 


CSACTL^O 


btfss 


STATUS, CARRY 


call 


Owcoff 


;Calculate Torque Constant 


Caictrq btfsc 


BITRECTRANSe 


gozz 


Transit 




BITREG2,CALCrRQ 


qozz 


Transit 


be: 


BITREG2,CALCFRQ 


bcf 


STATUS, CARRY 


movf 


HSTORCO 


movwf 


MULQiO 


movf 


CSACTi.O 


mcwf 


MULPLR 


Muitpiy call 


MultSec 


mcvf 


HSTORl,: 


btfsc 


STATUS. Z 


goto 


Incrres 


movf 


csact;,, 0 


aaswf 


H BYTE.: 


Incrres btfsc 


9ITREG,HtGHL0H 




Vaa-)U8t 


bcf 


STATUS , CARRY 




I 3YTE,: 




H~9YTE,: 


Vaolust movf 


3V,C 


suoiv 


.112 


otf;r 


STATJS.C 


3Ctr 


Calcens 


ctfss 


STATUS. CARRY 


ZZ - z 


.-jai uc 


.^v^-ocwn nc 


TEMP 


ocf 


STATUS, CARRY 


» » ^ 


TE>!P, 1 




sTArjs,c;ij\=v 



;chec)c if starting 15 seconds expiree 
; continue 
;load W 

;15 seconds to stabilize 
: check if positive 
; continue 
;load H 

;2 second check (24 total sees oefsre flame i 

; check if zero 

;set starting seconds flag 

;load M 

;save into current 

;loa-.* with bus voltage actual 

;save into multiplicand 

fload constant 

;8ave into multiplier 

; BV* constant 

; clear carry 

rmultiply by 2 

; multiply by 2 

;add to current 

; check MSB 

; check flag 

;turn OWC off 

I estimated start up current with blocr.e^ flue 

.•subtract CSACTL-CSCALC 

;check carry for negative result 

;turn CMC off 



; check flag 

; continue with transition 
.-check flag 

; continue with transition 

; clear flag 

; clear carry bit 

;load Hall storage LSB 

;save Into multiplicand 

;load Current Sense 

;save into multiplier 

;HSTaiO ♦ CSACTL 

; check HSTORl 

; check if zero 

.-continue 

;load into W 

;add to H_BYTE 

: check high or low speed 

; cont mue 

;clear carry 

.-multiply by Z 

^multiply by Z 

;load with bus voltage actual 

.-subtract x-BV wiin voltage ;'. ! ICOVAC 

;cneck .f :ero 

;finisnea witn raijulitisr. 

:checK :f negative 

;goto aoTust 

;s8ve W tenxcrariiv 

.-clear carry 

; 31 viae oy Z 

; clear rarr*/ 
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rrf TEMPrl ; divide by 2 

movf TEMP^O ; load W 

subwf H BTT£#1 ;5Ubtracr from torque value 

bef STATUS, CARRY ; clear carry 

rrf TEMP»0 ; divide by 2 

•ubwf H_BYTE»1 ;»ubtract from torque value 

goto Calcend .-goto end of calculation 

Ad^up movwf TEMP ;save w temporarily 

comf TEMP^l ;take complement of temporary 

bcf STATUS, CARRY ;clear carry 

rrf TEMP,1 ^divide by 2 

bcf STATUS, CARRY ; clear carry 

rrf TEMP.l ;divide by 2 

movf TEMP.O ;load W 

addwf H BYTErl s^M to torque value 

bcf STATUS, CARRY ; clear carry 

rrf TEMP,0 ; divide by 2 

addwf H BYTE, 1 ;add to torque value 

Calcend movf H^BYTE^O ;lo8d W 

movwf TCALC ;3ave torque calculated value 

: Speed Transition Routine 

Transit btfss P0RT3,SSINl ;checJc operation 

goto Cpl ;goto next checKpoint 

btfsc PORTS, SSINO ; check operation 

goto Offsw ;goto off switch 

goto Highsw ;goto high switch start 

Cpl btfss PORTB, SSINO ; check operation 

goto Offsw ;.ioto off switch 

Lowsw bcf BITRECOFFSWTC ; clear off switch flag 

btfss BITREG.HIGHLCW ; check high speed flag 

goto Lowspd ; continue 

bcf BITRECHIGHLOW ; clear high/low speed flag 

bsf BITREG,TRANS8 ;set transition flag 

baf BITREG^WAITOWC ;set wait owe flag 

bcf BITREG2,SL0WFST ; clear slow/ fast flag 

movW .55 ; number PHMs 

movwf PSTORO ;save into PWM Storage LSB 

clrf SECCMTR ; clear the scconos counter 

goto Timechk ; continue 

Lowapd btfsc BITREG, TRANSB ; check if in transition 

goto Timechk ; continue 

bcf STATUS, CARRY ; clear carry bit 

rrf H5TOR1,0 ;divide Hall storage MSB by 2 

rrf HSTOR0,0 ;divide Hall storage LSB by 2 

sublw ,60 ;low minimum 60 8 1800 RPM 

btfsc STATUS, CARRY ; check carry for negative result 

cai: Owcoff ;turn OWC off 

bcf STATUS, CARRY : clear carry bit 

rrf HSTORi,0 ;divide Hall storage MSB by Z 

rrf HSTORO.O .'divide Hall storage LSB by : 

sublw .108 ;low maximum 108 Q 3200 RPM 

btfss STATUS, CARRY ; check carry for negative result 

call Owcoff ;turn OWC off 

Ls_tabl movlw .230 :load maximum current value (• pts • offset-II 

suowf HSTORO, 0 ;subtract maximum from HSTORO 

btfS5 STATUS, CARRY ; check for overflow 

goto Table ; continue 

movlw .110 ;load maximum table value if pts-I) 

goto Tab^Is ;goto call low speed table 

Table movlw .120 ;load offset into w (t starting pts omitted I 

subwf HSTORO, 0 ; subtract offset from HSTORO 

btfss STATUS, CARRY ; check for overflow 

movlw .0 ;loao minimum table value 

btfsc STATUS, Z ;cneck for overflow 

movlw .0 ;loaa minimum table value 

movf HSTORO, 0 ;if no offset, uncomment tr.is ^me 

Tao_ls call TaDleis ;cail tne low speea *aoie 

; moviw .1 

addlw . : 

movwf TTHEO ;save "oroue tneoretical 

moviw ,z 

; suDwf TTHEC. 1 

;oi: TiT.ecr.k ; continue 

Hi;r.sw zzt 31TR^3. crrr/TT- ;ciear ztZ sxfwzr. tliz 

btfsc 3ITR£G,HIoHLCW : crecK r.icn speec !i3g 

^czz Hignspa ; continue 

csi 2ITFXG,:-:IGKLC:J ;aet r.icn/low rce-c tliz 
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bsf 
bcf 
bfl£ 

liovlw 

cXrf 
goto 
Highspd bt£3c 
goto 
bcf 
rrf 
rr£ 
aubXw 
btfsc 
c«ll 
bcf 
rrf 
rrf 
•ublw 

btfBA 

Hs tabl movf 
btfsa 
goto 
movlw 

«UDWf 

btfss 
movlw 
goto 
Over movlw 

T»b_hs call 
; novlw 
; addlw 
movwf 
; movlw 
; subwf 

goto 
ofSsw btfss 
clef 
bsf 
bs£ 
movlw 
subwf 
btfsc 
goto 
goto 
Tlmechtc btfss 
goto 
movlw 

btfss 

goto 

bcf 

Trnsend goto 



BITREG.TBANSS 

BITRECWAITOMC 

BITREG2,SL0WrST 

BITREG2.rOURSEC 

.20 

PSTORO 

SECCNTR 

Tlmschk 

BZTRCCTRANSB 

Tim«chk 

STATUS, CARRY 

HSTORI,0 

HSTOROrO 

.93 

STATUS, CARRY 

Ovcoff 

STATUS, CARRY 

HSTORl^O 

HSTOR0,0 

.145 

STATUS, CARRY 

OwCOff 

HSTORl^O 

STATUS,; 

Over 

.180 

HSTOR0,0 
STATUS, CARRY 
.0 

Tab_hs 
.76 

HSTORORO 
T«blehs 
.255 
,1 

TTHEO 
.3 

TTHEO, 1 
Tlmachk 

BITRECOrrSMTC 
SECCNTR 

BiTRECorrswrc 

BITRECTRAMSB 
.2 

SECCNTR, 0 
STATUS,; 

Sd^mst 

Trnsend 

BITRECTRANSe 

Trnsvnd 

.e 

SECCJ.'TR, 0 
STATUS,: 
Trnseno 
BITREG, TRANS e 
Hain 



;s<t transition flag 
;8et waitovc flag 
;cl«ar slow/ fast flag 
:set four seconds flag 
; number PHMs 

;save into PWM Storage LSB 
; clear the seconds counter 
{continue 

; check if in transition 

; continue 

; clear carry bit 

idivide Hall storage MSB by 2 

;divide Hall storage LSB by 2 

;high nlnlnun 93 e 2B0O RFM 

; check carry for negative result 

;turn OHC off 

; clear carry bit 

;divlde Hall storage MSB by 2 

:divlde Hall storage LSB by 2 

;high maximun 145 e 4300 RPM 

;ch«clc carry for negative result 

;turn owe off 

; check if MSB set 

; check if zero 

;over 255 

; value to decrement 

:KSTOR0-180 

; check if negative 

; clear H 

;goto tab n 

; value to increment 

;HSTOR0*76 

;call the high speed table 



;8ave torque theoretical 



; continue 

;check if off switch flag alreaay set 

; clear the seconds counter 

;set off switch flag 

:set transition flag 

;load X seconds into w 

;5ECCNTR-x 

:has X seconds elapsed? 

; instant shutdown 

•'finished with transition routine 

.-check transition flag 

; finished with transition routine 

:load X seconds into W 

f SECCNTR- X 

;has X seconds elapsed? 
; continue 

;clear transition flag 
•perform closeo loop operation 



; A/D SUBROUTINES FOR MAIN INTERRUPT 



;A/D Conversion With Kign/Low Flag Checx And Current Averager 



Aa^nain 


ctfsc 


par CLE. D 


;check bit 0 




gctc 


Ad go 


; start A/0 conversion il:2 PWMs: 




btfsc 


PCYCLE,; 


;cneck bit 1 




gotc 


Ad^cur 


; setup A/D current sense :l:4 rWMs • 




gotc 


Ad'buJ 


;setup A/0 bus voltage :1:4 ?WMj ; 


ndrcnt 


tncfs: 


PCYCLE, : 


; increment PWM cycle counter 




return 




;finisned A/D routine 


I^iv^r 


». •« ' 


STArJS.rARR? 


;clear carry oit 






cssuMO. : 


;diviae oy - 




rlf 


cssuKi , : 


fdiviae by Z 




bcf 


STArJS.CARRY 


;clear ^arry bit 








;civice cy Z 
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Ad end 



elt 


CSSUMl.l 


;divide by 2 


bcf 


STATUS, CARRY 


: clear carry bit 


movf 


CSSliMl,0 


;load into W 


movwf 


CSACTL 


J save current sense 


Clrf 


CSSUMO 


: clear current sense sun L5B 


cirf 


CSSUMl 


; clear current sense sum MSB 


return 




; finished A/D routine 


A/D» Check Current Sense 


High 4 Bus Voltage Low 


bsf 


ADCON0,A0GO 


;set ADGO bit to begin A/D conversion 


moviw 


.223 


••current sense relative maximum 6 5. 45V/ 4. 7 5A 


«ubwf 


CSACTL. 0 


r subtract CSACTL-CSHIGH 


btfsc 


STATUS, CARRY 


J check carry for negative result 


call 


Owcoff 


;turn CMC off 


movlw 


.63 


;bu8 voltage relative minimum 0 5.45V/81V 


subwf 


BV,0 


; subtract BV-BVLOW 


btfss 


STATUS, CARRY 


; check carry for negative result 


call 


Ovcoff 


;turn OHC off 


goto 


Ad_cont 


; return to main 



Initiaiire A/D For Current Sense (AINO) And Save Bus Voltage 

Ad cur movf ADRES^D ;load W with last A/D conversion 

movwf BV ;save bus voltage (1:4 PVIMsJ 

movlw b' 00000001' ;seiect fosc/2 and AINO 

movwf ADCONO ;set up A/D 

goto Ad_cont ; return to main 

In lialise A/D For Bl Voltage lAINl) And Save Current Sense 

Ad bus movf ADRES,0 ;load W with last A/D conversion 

addwf CSSUMO,! ;Bdd to sum (1:4 PWMs) 

btfsc STATUS, CARRY ; check for carry 

incf CSSUMl,! ; increment sum MSB 

moviw b'OOOOlOOl' ;aclect fosc/2 and AlHl 

movwf ADCONO ;sec up A/D and start conversion 

goto Ad_cont ; return to main 



TIMER INCREMENT/ DECREMENT AND SET OWC AND SLOW/ FAST FLAG 



TimrsuD 


bt'sc 


BITREG-,SL0Wr3T 


; check transition speed 




got5 


Chkflqs 


; continue 




moviw 


.3 


? frequency of incr/decr 




ancwf 


SECaiTR , 0 


;and with counter 




btfss 


STATUS, 2 


; check if zero 




return 




; finished 


Chkflga 


btfsc 


BITRE3,TRANS8 


;check if in transition 




return 




; finished 




btfss 


BITREG.OWCFLAG 


; check If OWC 




return 




; finished 




btfss 


aiTREGr. STARTUP 


: check if starting 15 seconds expirea 




return 




; finished 


Chkdlff 


»ov; 


TCALCO 


;load into W 




subwf 


TTHEO, 


;TrHEO-TCALC 




btfsc 


STATUS, r 


;cneck if zero 




return 








btfsc 


STATUS, CARRY 


;checic if positive 




got; 


Pwmaecr 


;goto decrement routine 


Pwmincr 


;ncfi: 


PSTCRC, ! 


.•increment PWM storage LSE 




return 




; finished 


Pwmoecr 


aecfsr 


PSTORO, : 


;decrement PWM storage LS3 








; finisneo 




inci 


PSTORC! 


; increment PWM storage LE3 


Tsuoena 


return 




;ena of Timr_iC routine 


; II3A 


»1E 3LC 
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Dlaabling Glcbal Internjpt* 

Gleoff bcf INTCCN,GI£ 

btfsc INTCON.GIE 

goto Cieoff 
rtturn 



;dis»ble global interrupts 
; verify disable 
;no. . .cry again 
; return to call 



9x8 CODE ErnCIENT MULTIPLIER 



; 

MultSBc clrf 
elrf 
moviv 
movwf 
movf 
bcf 
rrf 
btfsc 
addwf 
rrf 
rrf 

decfs: 
goto 
cetl'. 



M_loop 



H BYTE 
L BYTE 
.8 

CNTRl 

NULOlD,0 

STATUS, CARRY 

MULPLR 

STATUS. CARRY 

H_9YTE, ; 

H BYTE,! 

L BYTE.: 

CNTRl 

M loop 

0~ 



CWC OFF RO'JTINE 



cvcoff 



bcf 
be; 
bcf 
return 



BITREG.WAITOWC 
BITREG.CMCrLAG 
PORTB,OWC 



:clear flag 
;clear flag 
;set owe signal low 
; return 



IIISTAJJT SKUTOOWN ROUTIHE 



; 

Sd 



call 


Glee;; 


be; 


PORTS -OKC 


be; 


PORTS, ?HA 


be; 


PORTS, PHB 


btfsc 


PORTE, 53 INO 


gotz 


3d mat 


btfsc 


PORTS, 3SIN1 


gcto 


Sd inst 


gotc 


Start 



;dlsable all interrupts 
;aet CWC low 
;phase A off 
;phase 3 off 
;xs speea input LSB low 
;no. .. instant shutdown 
;is speea input MSB low 
;no. .. instant shutdown 
; restart microprocessor 



rtMER :nTE-nRV?7 :l::5€ ?rescale Or 6E£36us> 



no\-w; 


WSA'/ 


;save W register 


movf 


rr.-.Tvs.: 


;loaa STAT'JS into w 


mc*.--: 


oTATSAV 


;save 3TATSAV 


ct:3s 




;ti!ner ;r.terruct ;i3g7 






;r.c...;=tc FWM interrupt 






; reset ^i-er ;i3g 


os: 




;se- ili2 


ztzizz 




;=ecrer:er.t ti.-r.er counter 




Ir.- ^•r.z 


; fini sr.e= -^izr. ini-rr-jp-. 
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Lnd^sec novf 


HCNTRlrO 


*" novwf 


HSTORl 


movf 


HCNTRO.O 


raovwf 


HSTORO 


clrf 


KCNTRO 




HCNTRl 


call 


Tlnrsub 


novlw 


.15 


movwf 


TQITR 


Incfsz 


SEcarrR, i 


90to 


Int end 


btfsc 


BITREG2.F0URSEC 


baf 


BITREC2.SI.0WrST 


bsf 


BITREG2,rOURSEC 



Tintend 90C0 



Int tnd 



load Hall counter MSB into w 
save Hall storage MSB 
load Hall counter L5B Into w 
aave Hall storage LSB 
clear Hall counter LSB 
clear Hall counter MSB 
call Tlmrsub 

set tlner to approx 1 sec 
save In timer counter 
Increment elasped seconds 
finished with interrupt 
checlc four seconds flag 

set flag after approximately nine seconds 
set flag after 4 1/2 seconds 
finished with Interrupt 



; PWM IMTERRUPT (25KH2I 



Pwm_V 


bcf 


STATUS, RPO 




bcf 


PORTS, PHA 




bcf 


PORTB,PHB 




bcf 


INTCON,INTr 




movf 


PSTORCO 




movwf 


PCMTRO 




incf 


HCNTRO,: 




btfsc 


STATUS,! 




incf 


HCNTRl,! 




btfsc 


PORTB,HALL 




goto 


P hhi 


P_hlo 


bcf 


PHASE, 4 




baf 


PHASE, 5 




bsf 


STATUS, RPO 




bsf 


OPTION, INTE ex; 




bcf 


STATUS^ RPO 




goto 


P pulse 


P_hhl 


bcf 


PHASE, 5 




bsf 


PHASE, 4 




bsf 


STATUS, RPO 




bcf 


OPTION. INTEDG 




bcf 


STATUS, RPO 


P_pulae 


btfss 


BITREG,HICHLOW 




movlw 


.8 




btrsc 


BITRECHIGHLOW 




moviw 


.3 




movwf 


CNTR2 


P_dlay 


decisz 


CNTR2 




goto 


P dlay 


P_mld 


decfsx 


PCNTRb, 1 




goto 


P pulse 


P_nxgh 


movf 


PHASE, 0 




xorwf 


PORTS,: 


P^stc-p 


movlw 


6*00001000' 




btfsc 


6ITREG,0WCrLAG 




xor*.-f 


PORTS, 1 


Int^end 


movf 


STATSAV,0 




movwf 


STATUS 




movf 


WSAV, 0 




retfle 





LOW SPEir LOOK 'JF TABLE 



;select pgO registers 

;turn phase A off 

;turn phase B off 

; clear hall interrupt flag 

;move PWM storage LSB into W 

;save into PWM counter LSB 

; increment hall counter LSB 

; checlc for carry 

.'increment hall counter MSB 

i alignment of hall signal ana phases 

:hall high, select phase B high 

;unselcct phase B 

.'select phase A 

;aelect pgl registers 

;set rising hall edge detect 

; select pgO registers 

; continue 

;unselect phase A 

;select phase B 

: select pgl registers 

;8et falling hall edge detect 

1 select pgO registers 

; check high speed flag 

;delay loops for low 

; checlc hign speed flag 

; delay loops for high 

;save into general counter 

^decrement general counter 

:continue delay 

;decrement general counter 

;continue to PWM 

;load PHASE into W 

;set phase high 

.'perform XOR on bit 3 of port B 

; check for OWC 

; switch CMC high/ low 

;load STATUS into W 

; restore STATUS register 

;load WSAV into H 

;end of interrupt 



or^ :00h 

aoleis novwt TDfP 

.Tvoviw fti-r. i-ow xt>i 

itx>\-^i PCIATH 

T-cviv lew L-cw -fci 
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TEMP, 0 


bcfac 


STATUS fMLDpY 


incf 




novwf 


PCL 


rvtiw 


.20 


rvtlw 


.20 


r«^lw 


.21 


r«tlw 


.21 


C«tlw 


.21 


rvtlw 


.21 




• 22 


c«tlw 


.22 


rttlw 


.22 




.22 


ratlw 


.23 


rvclw 


.23 


r«tlw 


.23 


retlw 


.23 


rtclw 


• * * 


raclw 


74 


rvclw 


5 J 
• ^% 


rvclw 


94 
. ^9 


retlw 


94 
> O 


retXw 


. Z€ 


retlw 


• 26 


rstlw 


.AO 


r«tlw 


• « ' 


rvt Iw 




rvtlw 


■ AO 


r*tlw 


9ft 
.AD 


rvtlw 


9t 


r«tlw 


■ 29 


ratlw 


.29 


rvtlw 


. 


rstlw 


Irt 


rvtlw 


31 
• <JX 


otlw 


• <•>! 


rttlw 


.32 


ratlw 


.32 


r*tlw 


.33 


ratlw 


.33 


ratXw 


. 34 


ratlw 


* 


ratlw 


. 25 


retlw 


• JO 


ratlw 


. JO 


rac iw 


17 
• ^ 1 


ratlw 




ratlw 


3A 
• JO 


ratlw 


■ w 7 


ratlw 


^ o 


ratlw 


A n 

• 4U 


ratlw 


4 1 
• * * 


ratlw 


• 4 1 


ratlw 


. 42 


ratlw 


. 43 


ratlw 


. 43 


ratlw 


• 44 


ratlw 


• ^ 3 


ratlw 


• ^ o 


ratlw 


. ^o 


ratlw 




ratlw 


d ft 
» 0 


ratlw 




ratlw 


.49 


ratlw 


!50 


rttlw 


.51 


ratlw 


.52 


ratiw 


.53 


ratlw 


.53 


ratlw 


.54 


rttlw 


.55 


retlw 


.56 


rat 'w 


K — 


rtt:w 


.56 


retlw 


. =o 


rttiw 


. 5 r 


ret^w 
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r«tlw 


.61 


r«tlw 


.62 


rttlw 


.63 


rttlw 


.64 


r^tlw 


.65 


Ctttlw 


.66 


rvtlw 


.67 




.68 


ratlw 


.69 




.70 


rvtlw 


.71 


c«clv 


.72 


r«tlw 


.73 


ratlw 


,74 


rstlw 


.75 


rvclw 


.76 


rvtXw 


.77 


retlw 


.78 


ratlw 


.80 


rsrlw 


.81 


rfttlw 


.82 


r«tXw 


.83 


reriw 


.84 


rctiw 


.85 


r«tlw 


.86 


r«tlw 


.88 


rvtlw 


.89 


rwtlw 


.90 


r«tiw 


.91 


catlw 


. >?. 


c»tlw 


.94 


retlw 


.95 


r«tlw 


.96 


retlw 


.97 


retlw 


.99 


retlw 


.100 


retlw 


.101 



HIGH SPE£D I^K UP TABLE 



Tablehs 


movwf 


TEMP 




movlw 


high HI cbl 




movwf 


PCLATH *" 




movlw 


low HI Cbl 




addwf 


TEMP,0 




btf»c 


STATUS, CARRY 




Inc: 


PCZATH.l 




movwf 


PCL 


Hl_tbl 








retlw 


.31 




retlw 


.31 




retlw 


.32 




retlw 


.32 




ratlw 


.32 




retlw 


.32 




retlw 


.33 




retlw 


.33 




retlw 


.33 




retlw 


.33 




retlw 


.34 




retlw 


.34 




retlw 


.34 




retlw 


.35 




retlw 


.35 




retlw 


.35 




retlw 


.35 




retlw 


.36 




retlw 


.36 




retlw 


.31 




r»tlw 


.37 




retlw 


.37 




retlw 


.38 




f etlw 


.38 
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Aw 


• 29 




.39 




.39 




.40 




.40 




• 41 




.41 




.42 




.42 




• 43 




.43 


rvtlw 


.44 


ritlw 


.44 


rttlv 


.45 


rvtlw 


.46 




.46 




. 47 


rstlw 


.47 


rttlw 


.48 


rvtlw 


• 48 


ratXw 


.49 


rstiw 


.50 


rvtlw 


.50 


r«tlw 


.51 


rvtlw 


.52 




• 52 




.53 


rvtlw 


.54 


rvdw 


.54 




.55 


c%dw 


.56 




• 57 




. 57 




. 58 


f w 


. 59 




. 60 




. 60 


r«tlv 


.61 


r«tiw 


.62 


retlw 


.63 


r«tlw 


.64 


rvtlv 


.64 


r*tlv 


.65 


r*tlw 


.66 


rttlv 


.67 


c»tlw 


.68 


rvtlv 


.69 


retlw 


.70 


r«riw 


.70 


rvtlw 


.71 


retlw 


-72 


c«tlv 


.73 


rttiw 


.74 


rttlw 


.75 


rvtXw 


.76 


retXw 


.77 


rvtiw 


.78 


ratlw 


.79 


rttlw 


.80 


rtclw 


• 31 


r«tlv 


.92 


rttlw 


.63 




.64 


retlw 


.85 


cetlw 


.86 


cetlw 


- 87 


retlv 


.98 


retlw 


.89 


retlw 


.91 


retlw 


.92 


retlw 


.93 


retiw 


.94 


retlw 


• 95 


retlw 


.96 


cetlw 


. ?*> 


retlw 


.99 


retlw 


.100 


retlw 


• :oi 


retlw 


.:o2 
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r«txw .103 

r«ciw .105 

r«tlw .106 

r«tlw .107 

r«tlw .108 

r«tlw .110 

retlw .111 

rttlw .112 

•nd 
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1 What is claimed is: 

2 !• A brushless dc motor assembly conqprising: 

3 a brushless dc motor; 

4 a control board having at least one output connected to a 

5 stator winding of said brushless dc motor for providing current 

6 flow to said stator winding; 

7 controll electronics on said control board for controlling 

8 said current flow to said stator winding based on desired motor 

9 operating characteristics, said control electronics including a 

10 housekeeping power supply for providing a stable 5v DC signal from 

11 a rectified AC line voltage. 
12 

13 2. A brushless dc motor assembly comprising: 

14 a brushless dc motor; 

^ control board having at least one output connected to a 

16 stator winding of said brushless dc motor for providing current 

17 flow to said stator winding; 

controll electronics on said control board for controlling 

19 said current flow to said stator winding based on desired motor 

20 operating characteristics, said control electronics including a 

21 MOSFET output amplifier having a power zener diode coimected to the 

22 drain thereof, said power zenor dissipating temporary back emf 

23 resulting from switching of said MOSFET from an on to an off state. 
24 

25 3. A brushless dc motor assembly comprising: 

26 a brushless dc motor; 
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1 a hall device moiinted to a s tat or of said brushless dc motor, 

2 said hall device providing a signal representative of the 

3 rotational speed of a rotor of said motor to a control board, 

4 said control board having at least one output connected to a 

5 stator winding of said brushless dc motor for providing current 

6 flow to said stator winding; and 

7 control electronics on said control board for controlling said 

8 current flow to said stator winding responsive to said signal. 
9 

10 4. A brushless dc motor assembly comprising: 

11 a brushless dc motor; 

12 a control board mounted to a heatsink, said control board 

13 having at least one output connected to a stator winding of said 

14 brushless dc motor for providing current flow to said stator 

15 winding; 

controll electronics comprising a MOSFET on said control board 

17 for controlling said current flow to said stator winding based on 

18 desired motor operating characteristics, 

15 wherein said heat sink is attached to said MOSFET for 

20 dissipating heat generated by said MOSFET. 

21 

22 5. A brushless dc motor assembly comprising: 

23 a brushless dc motor; 

24 a control board having at least one output coimected to a 

25 stator winding of said brushless dc motor for providing current 

26 flow to said stator winding; 
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1 controll electronics on said control board for controlling 

2 said current flow to said stator winding based on desired motor 

3 operating characteristics, said control electronics including 

4 microprocessor for controlling said output according to desired 

5 operating characteristics. 
6 

7 6. A brushless dc motor according to claim 5, wherein 

8 microprocessor comprises a set of programmed instructions for 

9 pulsing said output to slowly ramp up the speed of a rotor of said 
10 motor . 



11 

12 7 



13 
14 
15 
16 
17 
18 
19 
20 
21 

22 9 



23 
24 
25 



A brushless dc motor according to claim 5, wherein said motor 
is a 2 -phase motor and said microprocessor controls a phase a 
output and a phase b output to drive electronics using programmed 
instructions based on desired operating specifications. 



8. A microprocessor for controlling a phase a and a phase b stator 
winding of a brushless dc motor, said microprocessor comprising 
programmed instructions for controlling dc output to said windings 
based on user defined specifications. 



A brushless dc motor according to claim 5. wherein 
microprocessor comprises a set of programmed instructions for 
controlling the pulse width of said output. 
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(54) TiUe: A BRUSHLESS DC MOTOR ASSEMBLY 





(57) Abstract 

A bnishlett dc motor assembly including a brushless dc motor, and a control board having at least one output connected to a staior 
winding of said brushless dc motor for prwiding cuncni flow to said stator winding. Control eleccronici on the control board control 
current flow to said stator winding using a microprocessor and based on desired motor operating characterisdcs. The control electronics 
include a housekeeping power supply for providing a stable 5v DC signal from a rectified AC line voltage. The control elcctronict also 
include a MOSFET output amplifier having a power lener diode connected to the drain thereof, said power zencr dissipating temporary 
back emf resulting from switching of said MOSFET from an on to an off state, A hall device mounted to a stator of said bnishlcss dc 
motor is also provided. The hall device provides a signal representative of the rotational speed of a rotor of said nwtor to the control board. 
The control electronics on said control board control said current flow to said stator winding responsive to said signal from the hall device. 
The control board is preferably attached to a hcatsink whereby the hcaisink is attached to MOSFETS on said control board for dissipating 
heat generated by said MOSFETS. 
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